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Soil Antibiotics acting against the Root-Rot Fungus 
(Polyporus annosus Fr.) 


By 
ERIK BJÖRKMAN 


Botanical Laboratory, College of Forestry, Stockholm 
(Received February 6th, 1949) 


Since the discovery of penicillin -— formed chiefly by Penicillium 
notatum Westl., belonging to the Penicillium chrysogenum Thom series — 
antibiotic research, especially within the medical field, has been greatly 
intensified. Non-medical research has long been aware of the existence of 
the antibiotic activity against blue-stain fungi of various micro-organisms, 
e.g. certain yeast-fungi (Torulopsidoideæ) and bacteria, a fact which has 
also been used for practical purposes in the prevention of blueing in wet 
mechanical pulp (cf. Melin 1933, Melin and Nannfeldt 1934, Goidanich et. al. 
1938, Rennerfelt 1941, Bjorkman 1941, Pehrson 1947). The antibiotic effects 
between different organisms in natural soil have been studied especially by 
Waksman and his collaborators (see Waksman 1947). 

A field that has not hitherto-— as far as is known — been studied is the. 
combating of injurious rot-fungi in the soil by means of other soil fungi 
and bacteria, isolated from various soils. A rot-fungus which might lend 
itself especially ‘to such treatment is the root-rot fungus (Polyporus annosus 
Fr.), which unlike most rot-fungi seems to be able to grow in the humus 
layer. Several scientists have doubted this property of the fungus and have 
pointed out that the fungus only appears to grow but in reality lives on 
dead wood waste in the soil. This question -— like the question of the infec- 
tion biology of the root-rot fungus as a whole — has not definitely been 
solved in spite of much work, especially in Denmark and Germany. A general 
opinion is, however, that the fungus is capable of growing in the soil itself, 
thereby infecting dead spruce roots which serve as entrances for the further 
advance of the fungus through the root and trunk of the tree. Several facts 
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argue in favour of this opinion. The fungus is, for example, often found 
within very limited or small circular areas where all trees are infected, so- 
called Trametes-circles (the fungus is also called Trametes radiciperda 
Hartig), which gradually increase in diameter. Moreover, one may often 
see in nature how mycelium from germinating spores, which have fallen 
directly beneath the sporophores, grow out into the humus. In the laboratory, 
however, it has hitherto been impossible to grow the fungus on unsterilized 
humus. Not until the soil has been sterilized, e.g. by heating in an autoclave, 
and thereby other organisms with antagonistic activity have been killed, it 
is possible to make the fungus grow. 

Starting from the hypothesis that the fungus is capable of growing in the 
humus, the question now arises as to the possible ways of preventing its 
advance. Ditches have been dug around »Trametes-circles» and the soil 
sprayed with various poisons, e.g. copper sulphate, but all these measures 
have proved ineffective. These failures, the characteristically patchy growth 
of the fungus and its incapability of growing under laboratory conditions 
in unsterilized soil, all suggest that it might be of value to investigate whether 
or not certain substances produced by other soil organisms are poisonous 
to the fungus. Their presence would then be the direct cause of its absence 
or more weak development in certain spots. Such a possibility does not 
seem to be out of the question, particularly in view of the very varied 
occurence of the fungus, e.g. in limy field soils and meagre sandy soils. These 
localities differ widely in such factors as would normally have a decisive 
influence upon the occurence of fungi, e.g. the physical nature of the soil, 
the nutritive conditions, pH value, or the moisture of the soil. 

The present investigation is thus intended to prove 


1) whether soil organisms antibiotic to the root-rot fungus exist, 

2) whether any connection can be traced between the occurence of root-rot 
and the existence of organisms in the soil antibiotic to the fungus, 

3) to what extent such organisms are capable of preventing the growth of 
the fungus. 


1. Isolation of various soil organisms from forest soils 


In the summers of 1945 and 1946 various soil organisms were cultivated 
from the following soils in Sweden: 


raw humus from a spruce stand, Ténnersjéheden, Halland (40 samples) 
mull » » » ye » À » (20 » ) 
raw humus » » » » on former heath land, 


Tönnersjöheden, Halland (20 samples) 


w 
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raw humus from a spruce stand, Géteborg (15 samples) 
» » » » p ine Sr » ( 10 » ) 
» » » » » » on heath land, Falkenberg (10 29) 
mull » » birch » , Experimentalfaltet (10 ee) 
» » » spruce Dies » (30 » ) 
raw humus) » » » » , Bjurfors, Västmanland (10 eee) 
» » » » » » , Torsäker, Gästrikland (10 » ) 
» » »  » » » , Gidea, Angermanland (10 aes) 
> » » » » » , Kulbäcksliden, Vasterbotten (20 » ) 


During the summer of 1947 samples of soil were collected from stands of 
mountain pine on raw humus (originally sand dunes) at Vejers, Jylland, 
Denmark (5 samples) and in the spring of 1948 from heath land at Wareham, 
Dorset, England (4 samples). 

Thus a total of 214 samples of soil from different regions have been 
investigated. About half of these samples have consisted of soil where the 
root-rot fungus was probably present (the samples have been taken close 
to trees infected by root-rot and, in southern Sweden, to a great extent with 
developed sporophores of Polyporus annosus just above the soil). 

Each sample of soil was mixed up in sterile, distilled water, after which 
different organisms — fungi and bacteria — were isolated and cultivated 
on malt-extract agar (1,5 °/o agar, 1,5 °/o »Vitrum»malt extract) using the 
normal microbiological methods. A total of 619 pure cultures were obtained 
in this way, about 400 of which were typical mould fungi, about 150 other 
fungi, most of them indefinable owing to their lack of reproductive organs, 
and the rest bacteria. No large amount of work was devoted to determining 
the species of the organisms thus obtained — this is an enormous task — 
but in spite of this it was clear that — as far as could be judged — the 
same species occurred in many cases in different samples of humus, even 
from widely separated localities. 

As will be clear from the following, it appeared that a large amount of 
cultivated soil organisms were more or less antagonistically acting against 
Polyporus annosus. 


2. On parallel occurrence of root-rot and certain soil fungi 


As it was always noted when taking samples of soil whether neighbouring 
trees were infected by root-rot, there were certain possibilities for investigat- 
ing whether the antibiotic organisms were present in larger numbers in 
localities where root-rot did not exist than in places where the trees were 
infected. A certain tendency in this direction seems to exist in the material. 
Thus, of 302 organisms (many of which seemed to be the same species in 
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different samples) isolated from soil probably without root-rot, 112 were 
more or less antagonistically acting against the annosus-mycelium (=37 0/0, 
ascertained chiefly by agar-tests, see below), while out of 228 samples from 
soil in which the root-rot fungus could be assumed to occur only 56 (=25 °/o) 
were antibiotic. A definite answer to the question as to whether a connection 
really exists between a low frequency of root-rot and an abundancy of 
antibiotic micro-organisms can, however, not be given as yet, as this would 
require a considerably larger number of samples, and a closer investigation 
has to be made in each case as to whether the root-rot fungus actually occurs 
in the soil or not. 


3. Antibiosis between the root-rot fungus and different 
soil organisms 


Each of the organisms, isolated from soil, were inoculated on at least 
2 malt-agar plates about 2 cm from the edge of the dish (see Fig. 1). Dia- 
gonally, and at the same distance from the edge, a pure culture of Polyporus 
annosus had generally been inoculated a few days earlier. The dishes were 
kept at +22° C. After about a week both organisms had as a rule developed 
so far that their relation to each other could be judged. In most cases they 
both grew close to each other without any inhibitory effect. On the other 
hand, in a relatively large number of cases, which were all recorded in 
detail, a distinct bare zone appeared between them which may be interpreted 
as an indication of antibiotic activity — even if only temporary (cf. Fig. 1). 
The width of the bare zone was measured in mm. In many cases it appeared 
that the first inhibitory effect on the growth of the annosus-mycelium 
gradually weakened so that the mycelium started to grow again. In some 
cases pigment and an abundance of conidia were formed on the annosus- 
mycelium at the primary barrier, beyond which, however, the mycelium 
gradually started to grow again. Finally there also appeared a less common 
type of soil mycelia which not only grew up to the annosus-mycelium in a 
very short time but even wholly or partly grew over and suppressed it 
(Fig. 1). It may also be mentioned that a great number of the soil mycelia 
tested on malt-agar plates were completely grown over by the annosus- 
mycelium; such mycelia belonged, for example, to Phoma-species, one 
Cladosporium-species, M. R. atrovirens Melin, several Actinomyces-species, 
and others. 

The possibly existing antibiotic effect of various soil mycelia was also investigated 
in such a way that each fungus was allowed to grow on a malt-agar plate, after 


which a piece of the agar completely overgrown by the fungus was turned upside 
down and fitted into an equivalent area cut into another Petri dish containing 
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Fig. 1. Antibiotic effects of different soil organisms on Polyporus annosus (upwards in 
each dish). Left row: two Penicillium species. Middle row: two Penicillium species with 
at first strong, later on weaker antibiotic effect (the first barrier clearly marked). Right 
row: lower dish a Mucor species with a strong inhibitive effect on (finally grows over) 
Polyporus annosus, upper dish a soil bacterium producing an antibiotic substance. 


annosus-mycelium cultivated on malt agar. In this way it was possible to study 
whether the annosus-mycelium was capable of extending over into the piece of agar 
intergrown with the hyphae of the soil fungus. Nothing essentially new arose in 
addition to the results obtained by the simpler method described above. Neither 
could the use of the so-called Oxford rings (cf. Abraham et al. 1941) give essentially 
better results, either when the tested soil organism itself was used or an extract 
of it. This was also hardly to be expected, as this method was worked out for tests 
with strongly cenidia or spore-producing bacteria (e.g. Staphylococcus species) and 
fungi (cf. the cylinder plate method, Wikén 1946). 

The agar method — however modified -— can, nevertheless, scarcely be 
expected to give an allogether satisfactory answer to the question as to 
which organisms have a permanent antibiotic activity on the annosus- 
mycelium. To obtain an answer it is necessary to grow the fungus in a 
liquid medium supplied with extracts of the various soil fungi. In these 
extracts the acting inhibitory substances must be found. In order to try 
this method also a large number of the cultivated fungi (especially those 
that had shown antibiolic properties on agar) were grown in Erlenmeyer 
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Table 1. Dry weight of mycelium of Polyporus annosus, cultivated in nutrient solution 
(20 ml), with admixture of extract (5 ml) of various antibiotic soil organisms, 4 months 
at 22° C. Each value represents the average weight of mycelium in 6 flasks. 


EEE 


| Dry weight, mg 
Extracts of | 
| Non-autoclaved Autoclaved Contre 
extracts extracts 
| 
PRICE A ssa: eee nee cos dec os 270,0 + 5,2 280,9 + 4,7 
Penicrllium. DR cree 278,8 + 4,8 301,9 + 5,1 
Benteilliumae one oan ne 209,6 + 3,6 258,6 + 3,0 
rn Benteilliume Diss Sansa 160,4 + 2,2 139,2 + 2,8 
PEROU aoe nee ere eee 306,0 + 5,3 261,5 + 3,1 
Penicillium solitum Westl. ..............- 289,7 + 3,7 299,5 + 4,2 
Cenococcum graniforme (Sow.) Ferd. 
Cbs WiN Gece scncescnu. keene eetemmeeenn cau 348,3 + 5,2 378,0 + 5,3 
Fusarium nivale (Fr.) Ces............ .-- 336,0 + 4,1 372,3 + 3,3 
Trichoderma lignorum (Tode) Harz. 245,9 + 4,4 349,5 + 5,0 
BROMAISD ver: encens eee eee. | 241,6 + 2,7 316,9 + 4,2 
Witthou PIE TTA CE cas teeny sees | 332,74 4,1 


flasks with a synthetic nutrient solution which, according to Abraham et al. 
(1941), has proved very favourable for penicillin production. 


Before use the Erlenmeyer flasks (Jena »Geräteglas 20») were thoroughly treated 
with a solution of potassium dichromate in conc. sulphuric acid and then washed 
with hot water and treated with distilled water and a current of steam for about half 
an hour. The following nutrient solution was used: 


Glucose (puriss-p-Nereck)e ar. oe orcs: ee vance 40,0 8 
NaNO, \(Baker's, Analyzedii zu au Ben Heaton 3,0. » 
KH,PO,, (Schering, Kabibaum), #25 1,0 » 
KCl (pro analysi, Schering Kahlbaum) .......... 0,5 » 
MgSO,-7H,0 (pro analysi, Schering Kahlbaum) 05 » 
FeSO, -7H,0 (pro, analysi, Merck}, 0,01 » 
Distilled) water ARS. 0. RARE eee 1000,0 » 


In this sterilized nutrient solution, which forms a modified Czapek-Dox solution, 
the various soil fungi were cultivated for 2—3 weeks, after which the liquid was 
passed first through a sterile cotton filter and then through a sterile Seitz filter. 
Part of the filtrate was then supplied direct to already autoclaved (15 min. at a 
pressure of 1 kg per cm? corresponding to a temperature of 120° C) culture flasks 
prepared as mentioned and containing the same nutrient solution as that in which 
the various soil fungi were originally cultivated. To each flask, however, 0,5 y of 
vitamin B, was added after autoclaving. Into these culture flasks (100 ml, containing 
20 ml of nutrient solution and 5 ml of extract) small pieces of agar (2X2 mm) were 
inserted from a plate culture of Polyporus annosus. Another part of the Seitz 
filtered solution was added in the same amounts to not yet autoclaved culture flasks 
with the same nutrient solution. After autoclaving vitamin B, and Polyporus annosus 
mycelium were added as before. 


Extracts of various soil fungi were thus tested both autoclaved and non- 
autoclaved. For obvious reasons the former procedure is less suitable as the 


SOIL ANTIBIOTICS ACTING AGAINST THE ROOT-ROT FUNGUS 2 


Table 2. Dry weight of mycelium of Polyporus annosus, cultivated in nutrient solution 
(20 ml), with admixture of extract (5 ml) of various antibiotic soil organisms, 2 weeks 
at 22° C. Each value represents the average weight of mycelium in 6 flasks. 


—-—r—r ee —2," | ZZ — _ —_.  äasu 


Dry weight, mg 
Extracts ot 
Non-autoclaved Autoclaved 
extracts extracts Control 
| | | 
Penicillium I (=P. funiculosum | 
BSCR? de UN, La | 2,0 0,810) a 
Penicillium II (=P. spinulosum f 
home naar 15220000 DO 040] 
Bere ULI ICI BOLT Tea een JOIE a as FEO) 
En Lites ee en ick obo Saas (IEEE AU 34605 J 
BOITIERS VE AE RENE eee 66,8 + 2,3 | 3,2+0,7 | 
RSR TCU DM Te RO RL re he 67,9 + 3,0 HUA TERY 
Bean Vil Goer wen Mn. cies 1020 224, 4 SEN 
Penicillium VIII (= P. Adametzi | | 
TEES a1) OSE Vaan ie oi A AE 3,4+0,3 , 8,6 +0,7 | 
TA Se EE | 21005 LE 1.6 1580 2210) 
PEROU TEXITACE 2 re | | 51,7 41,2 


1 The mycelia have been identified by Centraalbureau voor Schimmelcultures, Baarn, 
Holland; it has not as yet been possible to determine the species of the others. 
? From samples of Wareham soil, England (cf. Neilson-Jones 1941 and Brian et al. 1945). 


extract may acquire by autoclave-sterilization quite different chemical and 
physical’ properties and perhaps lose altogether its natural toxic qualities. 
That this happens has in fact been proved ir a large number of earlier 
investigations (cf. e.g. Wikén and Oblom 1946). Such investigations, there- 
fore, in which only the activity of autoclaved extracts has been tested, are 
chiefly of theoretical interest. 

As has been mentioned above, during the course of the present investigation 
the organisms appearing on malt-agar plates to have the greatest inhibitive 
effect on the annosus-mycelium were selected and cultivated in the way 
described above in Erlenmeyer flasks. In Table 1 and 2 are recorded two 
of the tests made with liquid cultures containing extracts of various soil 
organisms which appear on malt-agar plates to have a more or less antibiotic 
effect on Polyporus annosus. 

It appears from Table 1 that admixture of certain extracts exerted an 
inhibitory effect on the growth of the annosus-mycelium, as a rule greater 
if the extracts had not been autoclaved. The proved effect of the soil fungi 
in question seemed, however, to be too weak for large-scale production 
aimed at extracting the acting substance to be of any use. For that reason 
the tests were continued with other organisms, which were cultivated from: 
new samples of soil. Table 2 shows the results of some such experiments. 

From Table 2 it appears that extracts of Penicillium funiculosum, P. spi- 


8 ERIK BJORKMAN 


Fig. 2. Growth experiments with Polyporus annosus in nutrient solutions with admixture 

of non-autoclaved extracts of various soil organisms. From left to right: without extract, 

with extract of Penicillium spinulosum, of Penicillium Adametzi, and of Penicillium VI. 
Cf. Table 2. 


nulosum and P. Adametzi had a practically total growth-inhibitive effect on 
the annosus-mycelium. This applied both to autoclaved and non-autoclaved 
extracts. Extracts of Penicillium III also gave when non-autoclaved — 
a considerable inhibitory effect. As to extracts of Penicillium IV—VII, these 
exerted an inhibitive effect only after autoclave-sterilization but not in 


natural (non-autoclaved) condition, where instead a more or less stimulating 
influence on the growth of the annosus-mycelium could be observed (Fig. 2). 

In a smaller test on malt agar, various amounts (10, 100, 1000 and 10000 
units) of pure penicillin for medical purpose (obtained from Dr. A: B. Hatch, 
U.S.A.) were tried out, but in no case could any obvious inhibitive effect 
on the growth of the annosus-mycelium be observed. — The present investi- 
gation, however, does not aim at studying the acting antibiotic substances in 
question (e.g. gliotoxin, studied by Weindling, and claviformin, studied by 
Enebo) but only to test preliminarily a great number of soil organisms as 
to their antagonistic influence upon Polyporus annosus. 

Extract of the Bacterium G investigated showed both in autoclaved and 
non-autoclaved condition an obvious stimulating effect, whereas on malt 
agar an unmistakable inhibitory effect was noticeable. Thus it appears that 
obvious antibiotic activity in tests on mall-agar plates does not necessarily 
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mean a permanent inhibitory effect (cf. Fig. 1). This is in line with the 
results of medical research which indicate that an inhibitory effect may 
weaken or even disappear after a certain time. The antibiotic activity found 
by Rennerfelt (1946) between annosus-mycelium and Penicillium solitum 
was, for example, considerably weakened or even almost disappeared in 
renewed tests with the same fungus culture (Table 1), and the same was 
found by Enebo (1949) who used the same Penicillium funiculosum strain. 
that was tested in the present investigation. 

The question of the higher or lower degree of stability of the substances 
with an antibiotic activity is thus an altogether special problem, of which 
we know at present very little. And this applies even more to the possible 
practical use of these substances in the prevention of the spreading of the 
damage — so fatal financially — caused by Polyporus annosus. Even if, 
as has been mentioned above, the possibilities of combating root-rot bio-. 
logically cannot be considered especially great, every possible method must 
be investigated as success in this case will mean a large financial gain. 


Summary 


The root-rot fungus (Polyporus annosus Fr.) that causes the most injurious 
decay in spruce stems in Scandinavia, infects the trees through dead roots 
and seems to a certain extent to be able to grow in the soil. It is therefore 
of interest to investigate whether any other soil micro-organisms exist capable 
of producing substances with antibiotic effects on the root-rot fungus. 

From different forest-soil samples, collected in Sweden, Denmark and 
England, a number of micro-organisms — chiefly Penicillium species — 
have been isolated and tested as to antibiotic effect on the growth of Poly- 
porus annosus. 

A parallel seems to exist between the occurrence of the root-rot fungus 
and certain soil micro-organisms without antibiotic effects. Most of the 
isolated soil fungi and bacteria which were proved to be poisonous to the 
root-rot fungus, however, seemed to be unable to produce substances of 
permanent antibiotic stability. 

Therefore the possibility of combating the root-rot biologically cannot 
hitherto be considered especially great, but the investigations ought to be 
continued: with regard to the practical importance of the problem. 

The work has mainly been carried out while the author was on the staff of the 


Forest Research Institute of Sweden. Financial support has been received from the 
Swedish Technical Research Council. 
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Die physiologische Grundlage fiir die Mangelsymptome 
der Pflanzen 


Von 
D. MULLER 


Pflanzenphysiologisches Laboratorium der kgl. Tierärztlichen 
und Landwirtschaftlichen Hochschule, Kopenhagen 
(Eingegangen am 8. Februar 1949) 


Mangelsymptome sind die Abweichungen von normalem Wachstum und 
Aussehen, die infolge von Mangel an diesem und jenem notwendigen Nah- 
rungsstoff auftreten, sei es Wasser, Phosphation, Kupferion oder einem 
anderen der notwendigen Nahrungsionen. Mangelsymptome, die vom Mangel 
an Nahrungsionen herrühren, zerfallen in zwei natürliche Gruppen, was, 
soweit bekannt, zuerst von Mc Murtrey (1933, 1938) hervorgehoben worden 
ist, u.a. zitiert von Ferdinandsen & Buchwald 1936, p. 41. In der ersten 
Gruppe, Gruppe I, die Mangel an Schwefel, Bor, Kalzium, Eisen, Kupfer, 
Mangan und Zink umfasst, zeigen sich die Symptome zuerst an den jungen 
Blättern, Knospen oder Sprossspitzen. In der zweiten Gruppe, Gruppe II, 
die Mangel an Stickstoff, Phosphor, Kalium und Magnesium umfasst, zeigen 
sich die Symptome zuerst an den älteren Blättern oder an der ganzen 
Pflanze. 

Der Grund dafür, dass die Mangelsymptome sich so in zwei durchaus 
getrennte Gruppen ordnen lassen — die physiologische Grundlage dieser 
Gruppierung — liegt, soweit ich sehen kann, darin, dass die Grundstoffe 
nicht mit der gleichen Leichtigkeit in den Pflanzen fortbewegt werden, in 
einem Unterschied ihrer Beweglichkeit in den Pflanzen. Jeder Wasserkultur- 
versuch mit Stickstoff- oder Phosphormangel zeigt, dass diese beiden Grund- 
stoffe leicht von den unteren Blättern aufwärts zu den jungen Blättern und 
Sprossspitzen transportiert werden; man beobachtet, wie die älteren Blätter 
bei Pflanzen mit N- oder P-Mangel vor der Zeit verwelken, während die 


[11] 
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Sprossspitze am Leben erhalten bleibt. Fiir den Stickstoffgehalt in den 
Blattern gilt die Rippelsche Regel: Wenn der Stickstoffgehalt der Blatter auf 
20—40 °/o des Hôchstgehalts gesunken ist, beginnen sie zu vergilben (Rippel 
1921). Dass Stickstoff und Phosphor in den Pflanzen leicht beweglich sind 
und leicht an die jungen Teile redistribuiert werden, ist auch durch Ver- 
suche mit schwerem Stickstoff (N!°) und radioaktivem Phosphor (Hevesy, 
Linderström-Lang, Keston & Olsen 1936, 1937, 1940) nachgewiesen worden. 

Ahnlich wie bei Stickstoff- und Phosphormangel sind die Verhältnisse 
auch bei Kalium- und Magnesiummangel. Bei ausgesprochenem Kalium- 
mangel der Gerste (Hordeum distichum nutans, Maja) verhält es sich sogar 
so, dass der Haupttrieb stirbt und sich mit Hilfe von redistribuiertem Kalium 
1—2 schwache Nebentriebe bilden. Kenia-Gerste mit etwas Kalium zeigt 
gleichfalls Bildung von Nebentrieben auf Kosten des Haupttriebs, aber 
erst später. 

Die Gerstenpflanzen wurden 16/3 46 in Wasserkultur gesetzt. Die 8 Pflanzen be- 
kamen Nährlösung mit insgesamt 0,7 mg K pro Pflanze, das heisst nur ‘/200 der 
K-Menge zugänglich für Pflanzen in vollständiger Nährlösung. Das Verwelken des 
Haupttriebs deutlich 20/5 46, bei einer Pflanze ganz verwelkter Haupttrieb schon 
16/5. Bei den Pflanzen in vollständiger Nährlösung verwelkte der Haupttrieb erst 


beim Reifwerden der Ähre um den 20. Juli herum. Farbtafel bei D. Müller, 1948, 
zwischen S. 192 und 193. 


Die Leichtbeweglichkeit des Kaliums in der Pflanze zeigt sich ferner 
daran, dass das Kalium, wenn die Zellen in Halm und Blättern: in grosser 
Zahl sterben, wie es in den letzten 3—4 Wochen vor der Ernte der Fall ist, 
wieder abwärts wandert und an die Erde abgegeben wird. Dies war seit 
den Untersuchungen Liebscher’s bekannt und ist in neuerer Zeit u.a. von 
Wilfarth, Römer & Wimmer (1906) und von Schlesier (1932) bestätigt 
worden. 

Umgekehrt sieht man, dass Schwefel, Bor, Kalzium und Eisen fest an 
die Zellen gebunden sein müssen, zu denen diese Grundstoffe nun einmal 
geführt und in denen sie verarbeitet worden sind. Denn infolge von Mangel 
an Schwefel, Bor, Kalzium oder Eisen sterben die oberen Blätter oder 
Sprossspitzen, während die unteren — die ältesten — Blätter grün bleiben 
und längere Zeit hindurch weiterleben. Eaton hat gezeigt, dass Bor bei den 
meisten Pflanzen in den Blättern in unbeweglicher Form festgelegt wird. 

Hier sei ferner darauf aufmerksam gemacht, dass die Aufnahme der 
Grundstoffe verschieden ist, jenachdem sie zu Gruppe I oder II gehören, wie 
zuerst von Rippel 1927 hervorgehoben wurde. Die in der Pflanze leicht- 
beweglichen Grundstoffe in Gruppe II (N, P, K und Mg) werden nicht 
proportional mit der Stoffproduktion aufgenommen, sondern die Aufnahme 
eilt dieser voraus, wie in Fig. 1 gezeigt. Dagegen werden die in der Pflanze 
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Fig. 1. Aufnahme von N und Ca im Verhältnis 40 
zur Trockenstoffproduktion. Versuche mit 
Sonnenblumen, Helianthus annuus L, uniflo- 
rus giganteus (Rippel, 1927). Ordinate=N und 
Ca aufgenommen in °/o vom Aufnahmemaxi- 


mum. Abscisse=Trockenstoff in % vom 
Maximum. 20 40 60 80 100 


20 


schwer oder unbeweglichen Grundstoffe, Kalzium und Schwefel, propor- 
tional mit der Stoffproduktion aufgenommen (Fig. 1). Künftige Unter- 
suchungen müssen zeigen, ob alle Grundstoffe in Gruppe I sich wie diese 
beiden verhalten. 

Gruppe II (Stickstoff, Phosphor, Kalium und Magnesium) kénnen wir 
wieder nach der morphologischen Wirkung dieser leichtbeweglichen Grund- 
stoffe in zwei Untergruppen a und b teilen. Die beiden Metalloide Stick- 
stoff und Phosphor wirken stark und in gleicher Richtung auf die Stoff- 
verteilung — die Photosynthatverteilung — in der Pflanze. Die beiden Me- 
tallionen, das Kalium- und das Magnesiumion, wirken dagegen nur in ge- 
ringerem Masse auf die Stoffverteilung ein, oder die Wirkung ist der des 
Stickstoffs und des Phosphors entgegengesetzt (Mg-Mangel bei Buchweizen). 

Gruppe Ila. Die leichtbeweglichen Grundstoffe Stickstoff und Phosphor. 
Stickstoff und Phosphor wirken, wie erwähnt, stark auf die Stoffverteilung 
ein, unter anderm auf das Verhältnis Wipfel-Trockenstoff/Wurzel-Trocken- 
stoff und auf qcm Blattspreite je 1 g Trockenstoff in Wurzel oder je 1 g 
Trockenstoff in Wurzel+Stengel (einschl. Blattscheiden). Einige Zahlen zur 
Illustration dieser Verhältnisse sind in Tabelle 1 zusammengestellt. Nähere 
Angaben über die Versuche finden sich bei Müller 1932 und 1946. Aus 
dieser Tabelle geht hervor, dass sowohl bei N- als auch bei P-Mangel das 
Verhältnis Wipfel/Wurzel kleiner ist als bei der Kultur in einer vollständigen 
Nährlösung, und dass dasselbe der F all ist bei der Blattfläche je 1 g Trocken- 
stoff in Wurzel oder Wurzel-+ Stengel. + 

Die morphologische Wirkung des Stickstoffs wird im übrigen häufiger in 
der Literatur erwähnt, siehe unter anderm Miller (1938 p. 128 ff.), Müller 
(1932) und Müller & Larsen (1935). 
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Tabelle 1. Die Wirkung von N und P auf die Stoffverteilung. 
A ee 


gem Blattspreiten (ein- 

seitig gemessen) je 1 g 
Trockenstoff in: 

Pf Naheiocant Trockenstoff 

anzen | Nährlösung | wipfel/Wurzel Wal 

Wurzel + Stengel 

einschl. 

Blattscheiden 

Maja-Gerste in Wasserkultur | Vollstandig 5,1 1169 357 
vom 16/7—6/10 P-arm 2,0 164 93 
Kenia-Gerste in Wasserkultur | Vollstandig 3,8 760 278 
vom 26/4—15/6 P-arm 159 357 179 
Kenia-Gerste in Wasserkultur | Vollständig 6,4 1 524 357 
vom 11/4—2/6 N-arm 4,2 318 75 
Gelber Senf in Wasserkultur | Vollständig 2,7 516 200 
vom 25/5—11/7 N-arm 1,2 144 68 
Gelber Senf in Wasserkultur | Vollständig 357 504 172 
| vom 10/5—10/6 N-arm 2,8 198 65 
Gelber Senf in Wasserkultur | Vollständig a 371 143 
vom 9/6—10/7 P-arm 1,6 129 69 
Tomate in Wasserkultur vom | Vollständig 2,8 866 417 
8/5 —9/6 N-arm 2,1 284 140 
P-arm 2,0 423 217 


Das Verhältnis Wipfel/Wurzel ist nicht zu verwechseln mit dem: Verhältnis Wipfel/ 
Rübe, das häufig untersucht worden ist, siehe u.a. Bondorff (1939 p. 56—57). Teils 
besteht die Rübe aus Stengel und Wurzel, teils sind im Verhältnis Wipfel/Rübe die 
feineren Wurzeln nicht mitgerechnet. Wenn Bondorff (l.c. p. 56) schreibt, dass das 
Verhältnis Wipfel/Rübe bei N-Düngung sinkt, so besagt das daher nichts über das 
Verhältnis Wipfel/Wurzel bei N-Düngung. Wahrscheinlich steigt nach N-Düngung 
das Verhältnis Wipfel/Wurzel bei der Rübe ebenso wie bei anderen Pflanzen. 


Mit Bezug auf die Wirkung von Phosphor auf die Stoffverteilung hat 
eine gewisse Unklarheit geherrscht, aber Versuche von Sommer (1936) und 
Müller (1946) zeigen, dass Phosphatmangel in mancher Hinsicht dieselbe 
morphologische Wirkung hat wie Stickstoffmangel, jedenfalls mit Bezug auf 
die Stoffverteilung. 

Gruppe IIb. Die leichtbeweglichen Grundstoffe Kalium und Magnesium. 
Angaben über die Wirkung des Kaliumions auf die Stoffverteilung in den 
Pflanzen liegen sehr spärlich vor. In Eckstein, Bruno & Turrentine’s Mono- 
graphie über Kalimangelsymptome ist überhaupt nichts davon erwähnt. 
Smith & Butler (1921) haben die in Tabelle 2 angegebenen Werte für Wipfel/ 
Wurzel bei Wasserkulturpflanzen in vollständiger und in K-armer Nähr- 
lösung gefunden. Hieraus ergibt sich, dass das Verhältnis Wipfel/Wurzel 
bei den Vollgedüngten bald grösser, bald kleiner ist als bei den K-armen. 
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Tabelle 2. Stoffverteilung mit und ohne Kalium. 
D | 


ane Trockenstoff 
Pflanzen Nahrlosung Wipfel/Wurzel Autor 
Fagopyrum sagittatum var. japo- + K 16,5 Smith & Butler 
nicum (Japanischer Buchwei- K-arm 12,9 
zen) 21 Tage in Wasserkultur. 
Durchschnitt von 16 Pflanzen 
in jeder Serie 
Zea mays 32 Tage in Wasser- +K 2,42 do 
kultur. 12 Pflanzen in jeder K-arm 2,75 
Serie | 
do, 59 Tage in Wasserkultur. +K 5,24 | do 
Durchschnitt von 8 Pflanzen K-arm 3,98 | 
in jeder Serie 
Triticum sativum 21 Tage in ap LN 3,16 | do 
Wasserkultur. Durchschnitt —K 4,17 | 
von 30 Pflanzen in jeder Serie | 
Fagopyrum sagittatum (Gem. +K 10,5 Wilfarth & Wimmer 
Buchweizen). In Sandkultur K-arm 9,9 | 
vom 14/4—16/7 
Nicotiana tabacum. In Sandkul- +K 8,2 do 
tur vom 21/4—-17/9 K-arm 16,7 
Sinapis alba. In Sandkultur vom +K 84 do 
12/4—13/7 K-arm 15,6 


Wilfarth & Wimmer (Tabelle 2) fanden bei Buchweizen, zur Vollreife in 
Sandkultur mit wenig oder viel K gezüchtet, keinen Unterschied im Ver- 
hältnis Wipfel/Wurzel. Dagegen war dieses Verhältnis bei Tabak und Gelbem 
Senf, gleichfalls bis zur Vollreife in Sandkultur gezüchtet, grösser bei Kali- 
mangel als bei reichlicher K-Zufuhr, — die Wirkung war also umgekehrt 
wie bei N- und P-Mangel. Müller & Larsen haben hervorgehoben, dass 
K-Mangel bei Sinapis alba nicht auf die Stoffverteilung einwirkt. Phillis & 
Mason finden, dass das Verhältnis Trockenstoff Blattspreiten/Trockenstoff 
(Wurzel+ Stengel) bei 9 Wochen alten Baumwollpflanzen in Sandkultur mit 
steigender K-Zufuhr abnimmt, was nicht mit meinen Versuchen mit anderen 
Pflanzen in Wasserkultur übereinstimmt. In Tabelle 3 und 4 sind einige 
Zahlen von Wasserkulturversuchen in den Jahren 1930—45 zusammen- 
gestellt. Die Zahlen zeigen, wie geringe Wirkung K auf die Stoffverteilung 
hat (Tabelle 4). Abgesehen von den sehr alten Gerstenpflanzen in Wasser- 
kultur ist die Stoffverteilung bei den Mangelpflanzen ganz normal. 

Was den Einfluss des Magnesiumions auf die Stoffverteilung betrifft, war 
es nicht möglich, hierüber etwas in der Literatur zu finden. Eigene Ver- 
suche über den Einfluss des Magnesiumions auf Kenia-Gerste, Mais und 
Buchweizen sind in Tabelle 5, 6, 7 und 8 zusammengestellt. 
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Tabelle 3. Stoffverteilung mit und ohne Kalium. 


en ee a hen a a RS TR 
Trockenstoff in g 


= Blatt- 
ätter fläche ein- 
Pflanzen Nährlösung Stengel seitig in 

Wurzel | + Blatt- | Bjatt- | Welke 5 

scheiden |spreiten| Blätter a 


Hordeum distichum nutans,| Vollständig 0,8175 1,7011 | 2,0317 
Maja. 82 Tage in Wasser- K-arm 0,0432 0,0584 | 0,0378 
kultur vom 16/7. Die Zahlen 
sind der Durchschnitt von 
6 Pflanzen in jeder Serie 


0,3417 935,1 
0,1554 18,0 


Sinapis alba. 30 Tage in Was-| Vollständig 0,304 0,582 0,554 153,4 
serkultur vom 1/6. Die K-arm 0,145 0,244 0,253 65,8 
Zahlen sind der Durch- 
schnitt von 10 Pflanzen in 
jeder Serie 

Solanum lycopersicum, Dansk| Vollständig 0,7108 0,7778 1,2449 614,8 
export. 33 Tage in Wasser- K-arm 0,2570 0,2615 0,4719 196,2 
kultur vom 8/5. Die Zahlen 
sind der Durchschnitt von 
6 Pflanzen in jeder Serie 

Fagopyrum sagittatum. 30| Vollständig 0,0212 0,0836 0,0671 34,4 
Tage in Wasserkultur vom K-arm 0,0143 0,0486 0,0554 20,4 


11/9. Die Zahlen sind der 
Durchschnitt von 8 Pflan- 
zen in jeder Serie 


Die Pflanzen wurden in Sägemehl zum Keimen gebracht, die Gerste am 14/4 1945, 
der Buchweizen am 31/8 1945 und der Mais am 16/5 1946. Auf heller Veranda in 
Wasserkultur gesetzt am 28/4 1945, bzw. 11/9 1945 und 31/5 1946. Jeden zweiten 
Tag Luftdurchleitung durch die Wasserkultur. pH wurde jede Woche durch Zusatz 
von HCl zu pH 5,6—6,0 reguliert. Jede Pflanze wuchs in 0,75 1 Nährlösung, die 
während des Versuchs nicht erneuert wurde. 

Vollständige Nährlösung: 1 g Ca(NO,), 4 aq, 0,25 g MgSO, 7 aq (24,6 mg Mg), 
0,25 g KCl, 0,1 g KH,PO,, 5 ccm 0,8 °/o Ferricitrat und 1 ccm modifizierte A-Z- 
Lösung, 1000 ccm dest. Wasser. 

Nährlösung mit 1/100 Magnesium: Nährlösung wie vollständig, aber nur mit 0,0025 
8 MgSO, 7 aq (=0,25 mg Mg) und ausserdem 0,14 g CaSO,. Nährlösung ohne 
Magnesium: wie vollständige Nährlösung, aber anstelle von MgSO, Zusatz von 
0,14 g CaSO,. 

Die modifizierte A-Z-Lösung (Zusatz von Molybdat und Silikat) enthält pro 1 
Liter Stammlôsung 0,61 g H,BO,, 0,4 g MnCl, 4 aq, 0,06 g CuSO, 5 aq, 0,06 g 
ZnSO, 7 aq, 0,05 g H,MoO, 1 aq, 0,1 g Na,SiO,, 0,06 g Co(NO,), 6 aq, 0,06 Al, 
(SO,)3, 0,06 g NiSO,. 7 aq, 0,06 g TiO,, 0,03 g LiCl, 0,03 g SnCl, 2 aq, 0,03 g KJ, 
0,03 g KBr, 0,03 g NaF. 


Die Gerstenpflanzen: Die Pflanzen ohne Mg und mit 1/19) Magnesium 
waren bei der Ernte blassgriin. Alle Pflanzen in vollstandiger Nährlôsung 
hatten 2—4 Nebentriebe. die Pflanzen ohne Magnesium hatten keine Neben- 
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Tabelle 4. Die Stoffverteilung mit und ohne Kalium, berechnet nach den Zahlen 
in Tabelle 3. 


oo 


gem Blattspreiten (ein- 
Verhältnis seitig gemessen) je 1 g 
Wipfel/Wurzel Trockenstoft in 
Pflanzen Nährlösung | ausschl. wel- Wurzel 
ker Blätter Stengel 
(Trockenstoff) | Wurzel sane . 
_Blattscheiden 
Hordeum distichum nutans, Maja.| Vollstandig 4,99 1145 397 
82 Tage in Wasserkultur — K 5,82 417 179 
Sinapis alba. 30 Tage in Wasser-| Vollständig 3,74 504 172 
kultur —K 3,43 454 172 
Solanum lycopersicum, Dansk ex-| Vollständig 2,85 865 413 
port. 33 Tage in Wasserkultur —K 2,84 763 382 
Fagopyrum sagittatum. 30 Tage| Vollständig 7,1 1623 328 
in Wasserkultur —K 7,3 1427 324 


triebe, und von den Pflanzen mit ‘/,,, Magnesium hatten nur 3 von 7 Pflan- 
zen je einen kleinen schwachen Nebentrieb. Die Mg-Mangelchlorose begann 
zuerst in den unteren Blättern, wo die Chlorophylimenge fleckenweise ab- 
nahm, so dass zwischen den chlorotischen Flecken eigentümliche »Quer- 
balken» mit mehr Chlorophyll vorkamen. Später entstanden nekrotische 
Flecke. Die Maispflanzen: Die Mg-Mangelchlorose fing erst in den unteren 
Blättern an. Die Buchweizenpflanzen: Infolge des ziemlich schwachen 
Herbstlichtes zeigte der Magnesiummangel sich sozusagen nur in der Stoff- 
produktion. Vielleicht ist der Mg-Bedarf des Buchweizens ebenso wie sein 
Ca-Bedarf sehr gering. 

In Tabelle 5, 6 und 7 sind die Zahlen angegeben für Trockenstoff in 
Wurzel, Stengel (+Blattscheiden oder Blattstielen), Blattspreiten sowie die 
Fläche der Blattspreiten, einseitig gemessen. Aus diesen Zahlen sind die 
Werte in Tabelle 8 berechnet. Hieraus ergibt sich für Gerste und Mais: Das 
Magnesiumion hat nur eine geringe Wirkung auf die Verteilung des Trocken- 
stoffs in der Pflanze. Pflanzen mit wenig und genügend Magnesium haben 
ungefähr dasselbe Verhältnis Wipfel/Wurzel aufzuweisen, jedenfalls ist der 
Unterschied in diesem Verhältnis zwischen vollernährten und Mg-Mangel- 
pflanzen nicht so ausgesprochen wie bei N- und P-Mangel. Buchweizen: Das 
Verhältnis Wipfel/Wurzel wird durch Magnesiummangel erhöht, also ent- 
gegengesetzt der Reaktion der Pflanzen auf N- oder P-Mangel. Ebenso ist 
die Blattfläche je 1 g Trockenstoff in Wurzel und in Wurzel+ Stengel grösser 
bei den Mangelpflanzen als bei den vollgedüngten Pflanzen, während es sich 
bei N- und P-Mangel entgegengesetzt verhält. 

Jedenfalls besteht ein bemerkenswerter Unterschied in der Wirkung auf 
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Tabelle 5. Trockenstoff und Blattfläche bei Kenia-Gerste (Hordeum distichum nutans, 
Kenia). 36 Tage vom 28/4 45 in Wasserkultur mit normalem Magnesiumgehalt geziichtet, 
0,25 mg Mg je 1 (1/10 Mg) und — Mg. pH 5,6—6,0. 
——_—_—_—___—_—_—_—_—_—_—_—…—…—…—————— 


à Blatt- 
Trockenstoff in g er, Er 
Nährlösun = einseitig gemessen). 
8 Stengel ? Welke Ausschl. ak 
Wurzel a Blatt- Blattspreiten Blätter Blatter 
scheiden 

Vollstandig 0,0900 0,2018 0,2554 0,0166 122,1 
0,0924 0,2374 0,2810 0,0466 117,2 
0,0708 0,1692 0,2280 0,0282 95,5 
0,0768 0,2193 0,3073 0,0296 124,0 
0,0764 0,2174 0,2760 0,0293 121,3 
0,0680 0,2143 0,2454 0,0334 114,3 
0,1127 0,2943 0,3690 0,0440 148,1 
0,0743 0,2427 0,2558 0,0253 103,9 
Durchschnitt 0,0827 0,2246 0,2772 0,0316 117,9 
1/10 Mg 0,0482 0,1073 0,1290 0,0791 49,9 
0,0340 0,0841 0,1220 0,0716 45,0 
0,0293 0,0652 0,1061 0,0484 49,3 
0,0385 0,0990 0,1304 0,0486 51,5 
0,0463 0,1070 0,1486 0,0566 61,0 
0,0373 0,0980 0,1163 0,0636 44,9 
0,0402 0,0780 0,1202 0,0512 52,4 
0,0364 0,0832 0,1198 0,0571 47,5 
Durchschnitt 0,0388 0,0902 0,1241 0,0595 50,2 
— Mg 0,0174 0,0392 0,0694 0,0632 29,1 
0,0222 0,0504 0,0802 0,0657 30,4 
0,0270 0,0721 0,0936 0,0551 35,3 
0,0296 0,0640 0,0930 0,0534 36,9 
0,0240 0,0383 0,0672 0,0473 27,6 
0,0272 0,0554 0,0856 0,0664 33,4 
0,0200 0,0362 0,0684 0,0524 25,6 
Durchschnitt 0,0239 | 0,0508, 0,0796 0,0576 31,2 


die Stoffverteilung zwischen Stickstoff —- Phosphor einerseits und Kalium — 
Magnesium andererseits. Worauf dieser Unterschied in der Wirkung beruht, 
lässt sich noch nicht sagen. Wenn die Stoffverteilung — was wohl wahr- 
scheinlich ist — entweder durch Bildung von Auxin oder durch Veränderung 
der Reaktionsfähigkeit gegenüber Auxin reguliert wird, so kann man daraus 
schliessen, dass N und P den gleichen Einfluss auf den Regulierungs- 
mechanismus und einen anderen als K und Mg haben. Gregory & Sen (1927) 
und Richards (1938) haben gezeigt, dass die Respiration in den Blättern 
der Gerste bei N- und P-Mangel dem Proteingehalt in den Blättern folgt, 
bei ausgesprochenem P-Mangel jedoch auch dem reduzierenden Zucker und 
bei K-Mangel dem Rohrzucker- und Proteingehalt. Jedenfalls scheint ein 
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Tabelle 6. Trockenstoff und Blattfläche bei Gem. Buchweizen (Fagopyrum sagittatum, 
typica). 30 Tage vom 11/9 45 in Wasserkultur mit normalem Magnesiumgehalt gezüchtet 
und — Mg. pH 5,6—6,0. Alle Zahlen gelten für je 2 Pflanzen. 


Trockenstoff in g Fläche der 
Nährlösung Stengel + , Blattspreiten in gem 
Wurzel Blatischeiden Blattspreiten (einseitig gemessen) 
| Vollständig 0,0447 0,1727 0,1402 76,3 
0,0357 0,1415 0,1061 53,9 
0,0437 0,1538 0,1411 66,3 
0,0453 0,2011 0,1493 78,7 
Durchschnitt 0,0424 0,1673 0,1342 68,8 
— Mg 0,0155 0,0852 0,1090 39,4 
0,0160 0,0808 0,1087 39,3 
0,0176 0,0772 0,1205 51,8 
0,0206 | 0,0832 0,1295 52,7 
Durchschnitt 0,0174 0,0816 0,1169 45,8 


Tabelle 7. Trockenstoff und Blattjläche bei Zea mays. 38 Tage vom 31/5 1946 in Wasser- 
kultur mit normalem Magnesiumgehalt und ohne Magnesium gezüchtet. 


Trockenstoff in g Rische der 
Nahrlosung Stengel . Blattspreiteningem, 
Wurzel a ee Blattspreiten einseitig gemessen 

Vollständig 0,132 0,264 0,404 195 
i 0,171 0,379 0,582 271 
0,220 0,367 0,719 328 

0,172 0,364 0,587 304 

0,161 0,359 0,446 211 

0,278 0,610 0,945 410 

0,305 0,614 1,011 472 

0,233 0,400 0,708 293 

Durchschnitt 0,210 0,420 0,675 311 
— Mg 0,069 0,143 0,142 51 
0,055 0,120 0,143 50 

0,089 0,166 0,207 12 

0,076 0,171 0,180 64 

0,097 0,179 0,223 80 

0,075 0,143 0,199 85 

0,093 0,229 0,253 108 

0,083 0,189 0,166 70 

Durchschnitt 0,080 0,168 0,189 73 


20 D. MULLER 


Tabelle 8. Die Stoffverteilung mit und ohne Magnesium bei Kenia-Gerste, Buchweizen 
und Mais, berechnet nach den Zahlen in Tabelle 5, 6 und 7. 


À 


ew x cm Blattspreiten (einseitig gemessen) 
Verhältnis Wipfel/ ; je ? g rene in 
ee Wurzel ausschl. 
ElanzenzundiNähtlösung welker Blätter Wurzel + Stengel 
(Trockenstoft) Wurzel einschl. 
@ Blattscheiden 

Kenia- Gerste 

Vollständig..................... 6,12 1425 383 

DTOOPM Ge ER eeepc 5,57 1295 377 

pales Ty ghee BANS oer fehl À 5,48 1305 432 
Buchweizen 

Vollständig......... an 7,1 1623 328 

MO: eee 11,4 2655 467 
Mais 

Vollständig... 2. aan 5,2 1479 493 

Message 4,5 910 293 


Unterschied zu bestehen zwischen der Wirkung von N- und P-Mangel einer- 
seits und der Wirkung von K-Mangel andererseits. 

Da die Stoffverteilung ein so wichtiger Faktor in der Stoffproduktion ist, 
ist der Unterschied zwischen den 4 leichtbeweglichen Grundstoffen auch 
aus diesem Grunde bemerkenswert. Bei N- und P-Mangel wird die Stoff- 
produktion teils auf Grund geringerer Photosynthese je Blattflächeneinheit 
herabgesetzt, teils auf Grund dessen, dass ein kleinerer Teil des Photosynthates 
für neue Blätter und ein grösserer Teil für die stoffverbrauchenden Organe 
(Wurzeln, Stengel) Anwendung finden. Bei K- und Mg-Mangel wird die 
Stoffproduktion allein oder wesentlich auf Grund der verringerten Photo- 
synthese je Blattflächeneinheit und des sich daraus ergebenden geringeren 
Überschusses zur Neubildung von Blättern herabgesetzt. 

Es sei noch erwähnt, dass jedenfalls zwei von den leichtbeweglichen 
Grundstoffen in Gruppe II auf den Beginn der Blüte bei gewissen Pflanzen 
einwirken. Das gilt für Stickstoff und Kalium. Stickstoffdüngung verzögert 
die Blüte bei Langtagspflanzen, nicht bei Kurztagspflanzen (Denffer). Ka- 
liumdüngung beschleunigt die Blüte, u.a. bei Papaver somniferum, und 
beschleunigt das Schossen bei Gerste. 

Die Stoffverteilung, die von so grosser Bedeutung für die Stoffproduktion 
ist, wird ausser von Nährionen auch von Wasser und Licht beeinflusst. Der 
Einfluss des Wassers auf das Verhältnis Wipfel/Wurzel ist bei Miller zu- 
sammengefasst (1938 S. 128 ff.). Der Einfluss des Lichtes auf die Stoff- 
verteilung ist u.a. von der Wirkung der Tageslänge und der Etiolierung 
bekannt. Die Wirkung des Lichtes auf die Stoffverteilung hat einen grossen 
Einfluss auf die Stoffproduktion, wie z.B. folgender Befund von Gregory 
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Tabelle 9. Einfluss von Etiolement auf die Stoffverteilung. 
mm 


Trockenstoff in g Verhältnis 
Pflanzen 
Haupt- | Neben- |Stengel +| Wipfel/ | Hauptwurzel/ 
wurzel | wurzeln | Blätter | Wurzel | Nebenwurzeln 
Pisum sativum »Dip- Nicht 
pes Maj» 9 Pflan-  etioliert 0,1403 0,1040 0,3195 1,31 1,35 
zeninjederGruppe, Etioliert 0,1201 0,0676 0,2930 1,56 1,78 
12 Tage alt 
9 Pflanzen in jeder Nicht 
Gruppe, 8 Tage alt etioliert 0,1176 0,0180 0,1676 1,25 6,53 
Etioliert 0,0842 0,0090 0,1761 1,89 9,36 
Vicia faba major 6 Nicht 
Pflanzen in jeder etioliert 0,3668 0,2487 0,5666 0,92 1,47 
Gruppe,12 Tage alt Eitioliert | 0,2764 0,0868 0,4821 1,33 3,18 


(1926) zeigt: Heller Sonnenschein hemmt bei Gerste den Blattflächenzuwachs, 
fôrdert aber die Photosynthese, d.h. heller Sonnenschein fôrdert die Stoff- 
produktion durch Fôrderung der Photosynthese, hemmt aber die Stoffpro- 
duktion durch Hemmung des Blattflächenzuwachses. Hoagland bemerkt 
(1944 S. 57), dass das Verhältnis Wipfel/Wurzel bei Gerste kleiner im Som- 
mer als im Winter ist: »The high proportion of root to shoot characteristic 
of summer grown plants could not be reproduced in the winter season by 
any manipulation of the culture medium. Extending the period of illu- 
mination with Mazda lights wz’ also ineffective.» Auch die Etiolierung hat 
einen Einfluss auf das Verhältı ıs Wipfel/Wurzel, wie Tabelle 9 zeigt. So- 
wohl bei Pisum sativum als auch bei Vicia faba major ist das Verhältnis 
Wipfel/Wurzel kleiner bei den Pflanzen, die im Mai normale Belichtung 
bekommen haben, als bei denjenigen, die daneben standen, aber gegen alles 
Licht durch einen schwarzen Pappbehälter geschützt waren. Besonders gross 
ist der Unterschied mit Bezug auf das Hervorbrechen von Seitenwurzeln, 
die bei den etiolierten Pflanzen zu dem frühen Zeitpunkt klein sind oder 
fast ganz fehlen. Daher wird das Verhältnis Hauptwurzeln/Seitenwurzeln 
bei den etiolierten Pflanzen sehr gross. 


Zusammenfassung 


Nach den Mangelsymptomen bei den hôheren krautartigen Pflanzen las- 
sen sich die Nährionen in zwei Hauptgruppen teilen: 

Gruppe I umfasst S, B, Ca, Fe, Cu, Mn und Zn. Die Mangelsymptome 
zeigen sich zuerst an den jungen Blattern oder Sprossspitzen. Dies hangt 
damit zusammen, dass diese Grundstoffe schwer- oder unbeweglich in den 
Pflanzen sind und daher in den Zellen bleiben, wo sie zuerst assimiliert 
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worden sind. Jedenfalls ist bekannt, dass S, B, Ca und Fe schwerbeweglich 
sind, und dasselbe wird bei Cu, Mn und Zn vermutet. Die schwerbeweg- 
lichen Grundstoffe werden proportional der Stoffproduktion aufgenommen. 

Gruppe II umfasst N, P, K und Mg. Die Mangelsymptome zeigen sich 
zuerst an den älteren Blattern, während die Sprossspitze und die jungen 
Blatter lange unbeeinflusst bleiben. Das hangt damit zusammen, dass diese 
vier Grundstoffe in der Pflanze leichtbeweglich sind. Die Aufnahme ist der 
Stoffproduktion nicht proportional, sondern eilt ihr voraus. 

Gruppe II lässt sich in zwei Untergruppen teilen: 


Gruppe II a umfasst Stickstoff und Phosphor, die beide stark und in der- 
selben Richtuny auf die Stoffverteilung in der Pflanze wirken. Wipfel/Wurzel 
und die Blattfläche je 1 g Wurzel oder 1 g Wurzel+Stengel (alles Trocken- 
stoff) vermindern sich bei Mangel an N oder P. 

Gruppe II b umfasst Kalium und Magnesium, die entweder wenig auf die 
Stoffverteilung wirken oder entgegengesetzt N und P. Bisher habe ich keine 
deutliche Wirkung von K auf die Stoffverteilung feststellen können. 

Die Stoffproduktion. Gruppe II a: Bei Mangel an N oder P ist die Stoff- 
produktion herabgesetzt, weil die Photosynthese je Blattflacheneinheit herab- 
gesetzt ist und weil ein kleinerer Teil des Photosynthates auf Blatter ange- 
wandt wird. Gruppe II b: Bei Mangel an K oder Mg ist die Stoffproduktion 
hauptsächlich aus dem Grunde herabgesetzt, weil die Photosynthese je Blatt- 
flacheneinheit herabgesetzt ist. 

Auch Wasser und Licht wirken auf die Stoffverteilung ein. Tabelle 9 
zeigt, dass das Licht u.a. auf das Verhältnis Wipfel/Wurzel einwirkt — es 
wird bei Etiolement grösser — und auf das Hervorbrechen von Seitenwurzeln, 
deren Entwicklung bei total verdunkelten Pflanzen gehemmt wird. 
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In earlier works (Hemberg 1946 and 1947) I have established the occur- 
rence of large quantities of growth-inhibiting substances in peelings of resting 
potatoes, and have assumed that the presence of these substances is of 
significance for the rest-period of the potato. In the present paper the 
investigations into these growth-inhibiting substances are continued. In addi- 
tion, the part played by 3-indole acetic acid in the sprouting of not resting 
potatoes has been investigated. 


Chemical Properties of the Growth-Inhibiting Substances and 
Their Distribution in the Peel-Layer 


The growth-inhibiting substances in the potato peelings have not pre- 
viously been investigated with regard to their chemical properties, nor has 
the distribution of the substances in the peel-layer been known. In the 
following, the term »potato peelings» denotes an outer layer (c. 1 mm. thick) 
of the potato tuber, comprising the periderm with the eyes, a thin layer of 
the cortex and, by the eyes, some xylem, phloem and pith. 

The growth-inhibiting substances are ether-soluble, as they are obtained 
through ether extraction of potato peelings. They are also water-soluble, as, 
when transferred to agar discs according to Boysen Jensen’s (1937) dropping 
method, they are distributed evenly in the agar. In order to ascertain 
whether the substances are neutral or acid Boysen Jensen’s (1941) »method Il» 
has been used. In this, an ether solution of the plant extract is shaken in 
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a separatory funnel with an alkaline glucose soluion, with the result that 
substances that are weak acids become completely dissociated and pass over 
to the glucose solution, whereas alkaline and neutral substances remain in the 
ether. The substances in the potato extracts that, when »method II» is used, 
remain in the ether, may be neutral but scarcely alkaline, as the extracts 
were obtained through ether extraction of tissue. with an acid reaction, pH 
never having been higher than 5.6. At this pH, weak alkalis are comple- 
tely dissociated and consequently are not likely to be able to pass over from 
the plant tissue to the ether. 

Extracts prepared in the autumn from potato peelings, contain in their 
neutral fraction little or no auxin (Hemberg 1947). These neutral fractions 
have been examined in respect of their possible content of growth-inhibiting 
substances according to the same method as that used earlier for the investiga- 
tion of growth-inhibiting substances in impure extracts of potato peelings 
(Hemberg 1946 and 1947). An identical amount of 3-indole acetic acid 
has been transferred to a number of uniformly large agar discs, in a number 
of cases alone, in others after addition of varying amounts of the neutral 
fraction. All the agar discs were afterwards analyzed by means of the Avena 
test. If growth-inhibiting substances are present in the neutral fraction, agar 
discs to which had been transferred, on the one hand, neutral fraction and, 
on the other hand, indole acetic acid, must cause less curvature in the test 
plants than discs containing indole acetic acid alone. In these experiments 
an indole acetic acid concentration has been chosen that gave a d value of 
approximately 0.5 in the test plants, where d is the difference in mm. between 
the convex and the concave side in the curved test plant. The results of all 
the experiments were calculated as WAE units (Boysen Jensen 1941, p. 657). 
Then the amount of recovered auxin in the discs containing neutral fraction 
was calculated in percentages of the amount in the control discs. The result, 
which will be seen in Fig. 1, shows that in the neutral fraction of peelings 
from resting potatoes there is a growth-inhibiting substance that, accordingly, 
must be neutral. 

It will be seen from Fig. 1 that portions of peelings with eyes and portions 
of peelings without eyes have been examined separately. In this connection, 
pieces measuring 1 sq. cm. were stamped out and then removed from the 
potato with a potato-peeler. Consequently the thickness of the portions of 
peelings was c. 1 mm. or the same as that of those used in my earlier investiga- 
tions into the occurrence of auxin in potato peelings. The different portions 
of peelings with eyes and without eyes were then extracted separately. It 
will be seen from Fig. 1 that no very great difference is discernible between 
the content of neutral growth-inhibiting substance in portions of peelings with 


or without eyes. 
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Fig. 1. The inhibition of the effect of indole acetic acid in the Avena test by neutral 
fractions of extracts from potato peelings from resting potatoes. Experiments with agar 
discs containing the same amount of indole acetic acid but varying amounts of extracts. 
a and c extracts from portions of peelings with eyes, b and d extracts from portions of 
peelings without eyes. a and b extracts prepared on 10 October, 1947, O and © indicate 
two different fractionations of the same extract. c and d prepared on 16 October, 1947. 
Abscissa: mg. of peelings corresponding to 0.1 ml. agar. Ordinate: recovered amount of 
indole acetic acid in percentages of the amount in the control experiments. 


For examination of the acid growth-inhibiting substance in peelings of 
resting potatoes, it has not been possible to use the same method as for 
examination of the neutral growth-inhibiting substance. The acid growth- 
inhibiting substance accompanies the acid auxin in fractionation, whereas 
the neutral growth-inhibiting substance is eliminated. On this account the 
effect of the auxin comes apparently to be greater in the experiments. Even 
if the auxin content is small during the rest-period, it is, however, not 
sufficiently low to make it possible to use the method described above. In 
the case of a large content of growth-inhibiting substances, impure extracts, 
on the other hand, can be analyzed according to it. Instead, so-called activity 
curves (see Hemberg 1947, p. 148) have been plotted. Varying amounts of 
the acid fractions have been transferred to agar, and this has been analyzed 
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Fig. 2. Activity curves of acid fractions 
of extracts from potato peelings from 
resting potatoes. a. extract of portions 
of peelings with eyes; b. extract of por- 
tions of peelings without eyes. © ex- 
tracts prepared on 10 October, 1947; 
© extracts prepared on 16 October, 
1947. Abscissa: amount of growth sub- 
stance in WAE per 100 ml. agar. Ordi- 
nate: curvature of the test plants in d. 


WAE 


by means of the Avena test. On the basis of the results the activity curves 
were: then plotted. If no growth-inhibiting substances are present, the curves 
show quite a steep rise, reaching d values exceeding 1.0. If inhibiting sub- 
stances are present, the curves take a horizontal course with d values below 
1.0, and they bend off with still lower d values the greater the concentration 
of the inhibiting substances is. It will be seen from Fig. 2 that much growth- 
inhibiting substance must be found in the acid fraction of peelings from 
resting potatoes, as the curves begin to run horizontally already at d values 
of about 0.40. Also in the investigation of the acid growth-inhibiting substance, 
portions of potato peelings with and without eyes have been examined 
separately. At the season when the extracts were prepared, the content of 
acid auxin is identical in portions of peelings with eyes as well as in portions 
without. The activity curves obtained from the acid fractions of both portions 
of peelings can thus be compared straight away. The inhibition proves to 
be equally great in an acid fraction of portions of peelings with eyes as in 
the same fraction of portions of peelings without eyes. The acid growth- 
inhibiting substance must, accordingly, like the neutral one, be uniformly 
disfributed in the peel-layer. 

No investigation as to whether the growth-inhibiting substances occur in 
the other parts of the potato tuber, apart from the peel-layer, has as yet 


been made. 
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Effect of Ethylenechlorhydrin on the Content of the Growth- 
Inhibiting Substances in Resting Potatoes 


It has long been known that treatment with ethylenechlorhydrin can 
interrupt the rest-period of potatoes (Denny 1926). Now if it is a fact that 
the growth-inhibiting substances present in the potato peelings during the 
rest-period are of significance for that period, they should disappear when 
treatment with ethylenechlorhydrin is applied. In order to ascertain whether 
this is, so, a portion of newly harvested, resting potatoes was divided into 
two halves of 6 kg. each. The two halves were then transferred to separate 
containers holding 28 liters; in one of these was placed besides an uncovered 
petri dish with a cotton-wool wad moistened with 12 ml. 40 °/o ethylenechlor- 
hydrin and in the other a dish with a wad moistened with 12 ml. water. The 
potatoes in the first-mentioned container are here called ethylenechlorhydrin- 
treated potatoes and those in the second not-treated potatoes. The containers 
were tightly closed and allowed to stand for 2 days at 20° C., after which 
the potatoes were allowed to lie freely on a table for 2 days, when they 
were again transferred to a closed container. From both the not-treated 
portion and the ethylenechlorhydrin-treated portion, potatoes were removed 
1, 2, 4 and 6 days after the beginning of the treatment, 4 potatoes from each 
portion each time. These potatoes were washed, dried and the peelings extrac- 
ted with ether. The extracts were analyzed for their total content of growth- 
inhibiting substances. Here the seme method was employed as that earlier 
described for analysis of the neutral growth-inhibiting substance; for, when 
one investigates the raw extract of peelings from resting potatoes, it is 
possible to use this method, as the small amount of auxin is of no signi- 
ficance in relation to the large amounts of both neutral and acid growth- 
inhibiting substances (Hemberg 1947 p. 195). In these experiments such a 
large amount of 3-indole acetic acid was added to the agar discs that the 
control discs gave curvatures in the test plants of d=0.7—0.8. The results 
show that all the four extracts of potato peelings from not-treated potatoes 
contain growth-inhibiting substances in fully demonstrable amounts. The 
extracts of potato peelings from ethylenechlorhydrin-treated potatoes, on 
the other hand, do not all contain the same amount of growth-inhibiting 
substances. The extract prepared one day after the beginning of the ethylene- 
chlorhydrin treatment, contains the same amount of growth-inhibiting sub- 
stances as the control extract, see Fig. 3 a and b; the extract prepared two 
days after the beginning of the treatment contains a somewhat smaller 
amount of inhibiting substances, Fig. 3 ¢ and d. The extracts prepared 4 and 
6 days respectively after the beginning of the treatment, Figs. 3e and f and 
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Fig. 3. The inhibition and non-inhibition of the effect of indole acetic acid in the Avena 

test by impure extracts from potato peelings from resting potatoes not treated and treated 

with ethylenechlorhydrin. Experiments with agar discs containing the same amount of 

indole acetic acid but varying amounts of extracts. a, c, e, and g extracts from peelings 

of not-treated potatoes. b, d, f, and h extracts from peelings of ethylenechlorhydrin-treated 

potatoes 1, 2, 4, and 6 days respectively after the commencement of the treatment. For 
treatment, see text. Abscissa and ordinate as in Fig. 1. 


g and h respectively, finally, contain a very much smaller amount of 
growth-inhibiting substances than the extracts of not-treated potatoes. 

The extracts prepared 4 days after the beginning of the treatment have been 
analyzed for their content of acid auxin and, in this connection, extracts from 
not-treated potatoes have proved: to contain the same amount of acid auxin 
as extracts from ethylenechlorhydrin-treated ones. The content of neutral 
auxin has not been investigated, but according to earlier studies (Hemberg 
1947), it is in the autumn extremely small in peelings from resting as well 
as from not resting potatoes. Not until the early spring can fairly large 
amounts of neutral auxin be traced in the peelings. The results in respect 
of the growth-inhibiting substances cannot, therefore, be thought to be due 
to the auxin content having increased through the ethylenechlorhydrin 
treatment, but must be due to some of the growth-inhibiting substances having 
disappeared through the treatment. 
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Effect of Growth-Inhibiting Substances and 3-Indole Acetic Acid 
on the Sprouting of One-Eyed Pieces of Potato 


In order to ascertain to what extent growth-inhibiting substances extracted 
from potato peelings can affect not resting potatoes, experiments were made 
in February, 1948, with small, one-eyed pieces of potato that had been treated 
with aqueous solutions of ether extracts, prepared in September, 1947, from 
peelings of resting potatoes. These solutions contain, however, not only 
growth-inhibiting substances but also acid auxin. The content of auxin in 
these solutions has been calculated as c. 0.1 mg. indole acetic acid per liter. 
In order to test the possible role of the auxin in respect of the sprouting, a 
number of pieces of potato were treated with aqueous solutions of 3-indole 
acetic acid. Two concentrations were used, viz. 0.06 mg. per liter and 0.2 mg. 
As a control, a number of pieces of potato were treated with pure water. The 
solutions (20 ml. of each) were transferred to separate petri dishes, and in 
each dish were placed 21 round, one-eyed pieces of potato for 24 hours, after 
which they were planted out in moist sand. The pieces of potato measured 
1.7 cm. in diameter and 1.0—-1.5 cm. in height. Before treatment with the 
different solutions they were washed for 3 hours in running water for removal 
of the contents of wounded cells. 


Table 1. Sprouting experiments with one-eyed pieces of potato on 27 February, 1948. The 

pieces after being stamped out and carefully washed in running water for three hours 

have been kept for 24 hoürs in petri dishes with 20 ml. of the different solutions and have 
afterwards been planted out in sand, 21 pieces in each lot. 


Length of the sprouts in mm. (average) 


Number of Lots treated with extracts from 
days after 520 gr. peelings of resting pota- Lots treated with 
the commen-| Control lot | toes dissolved in 20 ml. H,0 = 3-indole acetic acid 
cement of the| treated with c. 0.1 mg. auxin per liter 
experiment water ae were es EN 
Extract prepared |Extract prepared| 0.06 mg. 0.2 mg. 
on 4 Oct., 1947 | on 10 Oct., 1947 | per liter per liter 


5 1.0 1.2 0.4 1.5 1.5 
7 1.6 2.0 1.5 37 2.6 
9 3.7 4.6 4.0 7.2 6.1 
11 5.5 7.8 7.4 10.3 8.9 
12 TA 10.8 10.0 13.3 10.7 


After 5 days the pieces were observed every other day and the elongation 
of the sprouts was measured. Already after 5 days all the pieces of potato 
had begun to sprout. After 12 days the sprouts of the pieces of potato in the 
control lot, where the pieces had been treated with water, had grown least, 
those in the other lots slightly more, see Table 1. Thus, no inhibition could 
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Fig. 4. Sprouting experiments with one-eyed pieces of potatoes treated with water or 
with solutions of indole acetic acid of varying concentration during 24 hours and afterwards 
planted out in sand. a experiment started on 5 March, 1948, 40 pieces of potato in each 
concentration. b. started on 25 March, 1948, 90—100 pieces in each concentration. c. started 
on 27 April, 1948, 80—100 pieces in éach concentration. d. started on 1 October, 1948, 
potatoes treated with ethylenechlorhydrin, 40—50 pieces in each concentration. e. started 
on 25 September, 1948, 50 pieces in each concentration up to and including the fourteenth 
day after the commencement of the experiment, after which 25 pieces were removed from 
each lot. The: figures by each curve give the number of days after the commencement of 
the experiment. Abscissa: amount of indole acetic acid in mg. per liter. Ordinate: average 
length in mm. of the shoots. 


be detected in the lots in which the pieces had been treated with extracts 
containing growth-inhibiting substances, either as regards the initiation of 
growth on the part of the sprouts or as regards the rate of growth. This 
might possibly be explained by the fact that the growth-inhibiting substances 
are destroyed as soon as they have been absorbed in the pieces of potato, 
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which were of course stamped out from not resting potatoes. Instead, the 
extracts seem to favour the elongation of the sprouts. This stimulation is 
of course not great and might conceivably lie within the limits of the experi- 
mental errors, but it might also be due to a stimulation on account of the 
occurrence of auxin in the extracts, as it is also found in the experiments 
with 3-indole acetic acid. 

For continued ‘investigation as to whether auxin is of any significance in 
regard to the sprouting of potatoes, additional experiments with treatment 
of one-eyed pieces of potato with 3-indole acetic acid have been made at 
various times. For these experiments not resting potatoes have generally been 
used, although in one case resting potatoes were used and in another 
case resting potatoes whose rest had been interrupted with ethylenechlor-- 
hydrin. A description of the different experiments will be given below. 

Experiment on 5 March, 1948 (Fig. 4a). Concentrations of 0.00 (pure 
water); 0.01; 0.1; 1.0; 10.0; 100; 1000 mg. 3-indole acetic acid per liter. 
In all the concentrations except the two highest ones, the sprouts began to 
grow simultaneously and during the first few days at about the same rate. 
From and including the ninth day after the beginning of the experiment, 
however, a stimulation in the middle concentrations could be detected, which 
became increasingly obvious after some days. At the final reading, on the 
nineteenth day after the beginning of the experiment, it was clearly seen 
that the concentration of 1.0 mg. 3-indole acetic acid had stimulated most 
The concentrations of 100 and 1000 mg. per liter had inhibited the develop- 
ment of the shoots, the latter entirely, the former considerably. 

Experiments on 25 March, 1948 (Fig. 4b), and 27 April, 1948 (Fig. 4c). 
Concentrations of 0.00; 0.01; 0.1; 1.0; 10.0 mg. per liter. No noticeable stimula- 
tion. This would probably be due to the fact that the natural content of 
auxin in the potatoes had increased to such an extent that a further addition 
of small amounts was of no importance or even inhibited the growth of 
the sprouts slightly. The natural auxin content of the potatoes increases 
considerably during March and April, as already known (HEMBERG 1947). 

Experiment on 1 October, 1948 (Fig. 4d), with resting potatoes whose 
rest had been broken with ethylenechlorhydrin. The same concentrations 
as in the experiment on 25 March, 1948. The result of the experiment agreed 
in the main with that of 5 March, 1948, with the exception that the rate 
of growth was slightly slower probably owing to the fact that the ethylene- 
chlorhydrin treatment had not completely interrupted the rest-period. 
The most favourable concentration in this experiment was 0.1 mg. per liter. 

Experiment on 25 September, 1948 (Fig. 4e), with resting potatoes. The 
same concentrations as in the experiment on 25 March, 1948. The growth 
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of the sprouts was extremely slow. The wounding caused when the pieces of 
potato were stamped out had thus not been sufficient to break the rest (cf. 
Miller 1933, p. 229). Additions of small amounts of 3-indole acetic acid had 
not influenced the rate of growth. 


Discussion 


According to Guthrie (1939), the natural rest-period of the potato is not 
regulated by auxin. On the other hand, he has found that. 3-indole acetic 
acid and, still better, the methyl ester of «-naphthalene acetic acid can, if the 
substances are supplied to not resting potatoes, prevent them from sprouting. 
This artificially induced rest-period can be interrupted anew by treatment 
with ethylenechlorhydrin. Guthrie (1933) has also shown that the content 
of glutathione increases if resting potatoes are treated with a medium that 
breaks the rest. This increase begins 48 hours after the commencement of 
the treatment and is maximal already after 4 days (see Crocker, 1948, 
p. 248, Fig. 96). In a 1940 publication, Guthrie demonstrates that if newly 
harvested potatoes are treated with glutathione, their rest-period is shortened. 
On the other hand, Guthrie finds no noticeable change in the glutathione 
content of the potatoes, when these slowly leave the rest-period without 
treatment. He is of opinion, however, that this does not necessarily mean 
that the glutathione is without significance for the interruption of the rest, 
as a small amount of glutathione acting over a longer period can have the 
same effect as a larger amount acting during a shorter period. 

Michener (1942) finds that through treatment with ethylenechlorhydrin the 
auxin content of the potato is temporarily decreased. This decrease is, in 
his opinion, the cause of resting potatoes, whose buds have earlier been 
inhibited by too high a content of auxin, being able to sprout after treatment 
with ethylenechlorhydrin. 

Hemberg (1947) has shown that the auxin content of potatoes does not 
change during the rest-period but that the content of acid auxin, which is 
very low during the rest-period, is also equally low immediately after 
emergence from that period. The content of acid auxin during the spring, 
when the potato readily sprouts, is much greater than the content of acid 
auxin during the rest-period. 

For additional literature concerning the rest-period, the reader is referred 
to Hemberg (1947). The results put forward in the present paper seem to me 
to provide further evidence that the growth-inhibiting substances are of 
significance for the rest-period of the potato. It has already been shown 
(Hemberg 1946 and 1947) that, if the peelings of resting potatoes are allowed 
to lie in the air some hours under conditions that permit them to dry, the 
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content of growth-inhibiting substances in the peelings decreases. It has 
long been known that when resting potatoes are peeled, their rest is broken. 
This has been interpreted by me to imply that, by peeling, a large amount 
of growth-inhibiting substances is removed and that inhibitory substances, 
if any, present in the potato flesh, are to a great extent destroyed through 
wounding. In this paper it has been demonstrated that, if resting potatoes 
are treated with ethylenechlorhydrin, which breaks the rest, the content of 
growth-inhibiting substances in the peelings is considerably reduced. As in 
both peeling and ethylenechlorhydrin treatment the content of inhibiting 
substances in the potato is reduced, I am of opinion that this argues in favour 
of these substances being of considerable significance for the rest-period. The 
view that inhibiting substances are of importance for the rest-period of the 
potato, is alsu shared by Funke and Söding (1947), who mention that Meyer 
has recently discovered an inhibiting substance in the potato. 

Whether the neutral as well as the acid growth-inhibiting substance is of 
significance for the rest-period, has not been investigated, nor how the sub- 
stances act. It is very probable that they act only on some process in a com- 
plicated reaction and that the glutathione acts on some other process in the 
same reaction. 

The fact that I have not succeeded in inducing rest in one-eyed pieces 
of potato through treatment with aqueous solutions of impure ether extracts 
of peelings from resting potatoes, need not be taken as evidence refuting 
my theory that growth-inhibiting substances are of significance for the rest- 
period. The solubility in water of these substances may, i.a., be thought to 
be so small that the whole of the growth-inhibiting substances present in the 
extract have not become dissolved in the preparation of the aqueous solution. 
But, above all, one-eyed pieces of not resting potatoes are likely in their tissues 
very readily to destroy a growth-inhibiting substance absorbed from the 
aqueous solution. 

The experiments with treatment of one-eyed pieces of potato with solutions 
of 3-indole acetic acid of varying concentration show that low concentra- 
tions of auxin do not inhibit the development of the potato at all, but that, 
on the contrary, higher concentrations do so. That Guthrie (1939) has found 
that indole acetic acid and the methyl ester of a-naphthalene acetic acid 
inhibit the sprouting of the potato, thus depends upon the use of concentra- 
tions of the substances supraoptimal for the growth of the sprouts. 

In certain of my experiments, the growth of the sprouts has even been 
accelerated through weak concentrations of 3-indole acetic acid. This applies 
to the experiments of 5 March, 1948, and 1 October, 1948 (Fig. 4 a and d). 
In the experiments of 25 March and 27 April, 1948 (Fig. 4b and c), the 
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addition of small concentrations of 3-indole acetic acid, however, has been of 
no significance. This may be explained by the fact that during March the 
natural content of acid auxin in the potato increases considerably (see Hem- 
berg 1947, p. 193, Fig. 11), so that within certain limits a further addition 
is of no importance. 

Whereas the experiment of 1 October, 1948, was carried out with ethylene- 
chlorhydrin-treated potatoes, where, then, the growth-inhibiting substances 
had at least to a large extent disappeared, the experiment on 25 September, 
1948, was made with not-treated resting potatoes. Here the wounding has 
obviously not been sufficient to interrupt the rest. That the indole acetic acid 
has been without effect must be due to the presence of large amounts of 
growth-inhibiting substances. 


Summary 


1. The growth-inhibiting substances that were earlier (Hemberg 1946 and 
1947) discovered in the peelings of resting potatoes are ether-soluble and 
water-soluble. There is an acid and a neutral substance. 

2. If resting potatoes are treated with ethylenechlorhydrin, the greater 
part of the growth-inhibiting substances in the peelings disappears. This dis- 
appearance can be detected already 2 days after the commencement of the 
ethylenechlorhydrin treatment and is fully evident after 4 days. 

3. Experiments to induce rest in one-eyed pieces of not resting potatoes 
through aqueous solutions of ether extracts containing growth-inhibiting 
substances from potato peelings, were not successful. This is likely to be due 
to the fact that the growth-inhibiting substances are destroyed as soon as 
they have been absorbed in the tissue of the not resting potato. 

4. If one-eyed pieces of potato are treated with 3-indole acetic acid in 
small concentrations of 0.01-—1.0 mg. per liter, the growth of the sprouts 
is not inhibited. In two experiments these concentrations have even stimulated 
the rate of growth of the sprouts. In other experiments the same concentra- 
tions of indole acetic acid have not affected the rate of growth of the 
sprouts, which is probably due to the fact that at the time when the experi- 
ments were made the potatoes were very rich in auxin, for which reason a 
further addition was not able to stimulate growth. 

5. The present paper lends further support to the view that is is not auxins 
but, indeed, growth-inhibiting substances that are of significance for the 
rest-period of the potato. How these substances act, however, is not known. 

This paper has been produced with the aid of a grant from the Swedish Natural 
Science Research Council. The author is indebted to miss Margareta Strômbom for 
valuable technical assistance. 
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In earlier publications (Hemberg 1946, 1947 and 1949) the occurrence of 
growth-inhibiting substances in peelings of resting potatoes has been estab- 
lished and the significance of these substances for the rest-period of the 
potato buds has been discussed. As it is reasonable to assume that the rest- 
period also of other buds is regulated by growth-inhibiting substances, a 
study has been made on the occurrence of these substances in terminal buds 


of Fraxinus. 


Occurrence of Growth-Inhibiting Substances in Resting and Not 
Resting Terminal Buds 


Terminal buds from one and the same tree of Frazinus excelsior L. f. 
pendula Ait. have served as investigation material. The buds were extracted 
with ether in the same way as that earlier described in extraction of potato 
tissue (Hemberg 1947, p. 153 ff) and the ability of the impure extracts to 
inhibit the effect of 3-indole acetic acid in the Avena test according to Boysen 
Jensen (1937 and 1941) was determined by means of a previously used 
method (Hemberg 1946, 1947 and 1949). Each time between 20 and 40 ter- 
minal buds were extracted. The two outermost pairs of decussate bud scales 
were peeled off and extracted separately, and the remaining parts of the 
buds separately. The former extracts are here termed extracts of peripheral 
bud parts and the latter extracts of central bud parts. 

The first extractions were begun on 6 October, 1947, with terminal buds 
cut from the tree one hour before the extraction. Already very small amounts 
of these extracts of peripheral and central bud parts respectively had the 
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Fig. 1. The inhibition and non-inhibition of indole acetic acid in the Avena test by impure 

extracts from resting and not resting terminal buds of Fraxinus. Experiments with agar 

discs containing the same amount of indole acetic acid but varying amounts of extracts. 

a and b extracts of peripheral bud parts, c and d extracts of central bud parts. a and c 

extracted on 6 October, 1947, b and d extracted on 9 February, 1948. O and © indicate 

experiments made on different days. Abscissa: mg. of plant tissue corresponding to 0.1 ml. 
agar. Ordinate: curvature of the test plants in d. 


power of inhibiting the effect of the indole acetic acid, see Fig. 1a and c. 
Accordingly, the extracts must have contained very large amounts of growth- 
inhibiting substances. Forcing experiments made in a dark room at 23.5° C. 
in moist air with twigs brought in at the same time as the buds yielded no 
visible result during 6 weeks. After that time the forcing experiments were 
discontinued. 

Extracts prepared from terminal buds gathered on 9 February, 1948, proved 
to inhibit, to a much smaller extent, the effect of the indole acetic acid in 
the Avena test, see Fig. 1 b and d. This applies both to the extract of peripheral 
bud parts and to that of central bud parts. At the same time as the extracts 
were prepared on 9 February, twigs were brought in and placed in water in 
moist air in a dark room at 23.5° C. Their terminal buds opened in 4 weeks. 


Effect of Ethylenechlorhydrin on the Content of Growth- 
Inhibiting Substances of the Terminal Buds 


It has recently been shown (Hemberg 1949) that the growth-inhibiting 
substances disappear after a few days if resting potatoes are treated with 
ethylenechlorhydrin. Ethylenechlorhydrin breaks the rest of the potato 
(Denny 1926). Denny and Stanton (1928 a and b) have shown that ethylene- 
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Fig. 2. The inhibition and non-inhibition of the effect of indole acetic acid in the Avena 
test by impure extracts from resting buds of Fraxinus not treated and treated with etylene- 
chlorhydrin. Experiments with agar discs containing the same amount of indole acetic acid 
bul varying amounts of extracts. Extracts prepared 5 days after the commencement of 
the ethylenechlorhydrin treatment. a and b extracts of peripheral bud parts, c and d 
extracts of central bud parts. a and c extracts of not-treated buds, b and d extracts of 
ethylenechlorhydrin-treated buds. ©, © and (D indicate experiments made on different 
days. Abscissa: as in Fig. 1. Ordinate: recovered amount of indole acetic acid in percentages 
of the amount in the control experiments. 


chlorhydrin also breaks the rest of tree buds. To test whether the growth- 
inhibiting substances in the terminal buds disappear when ethylenechlor- 
hydrin treatment is applied, as is the case with the inhibiting substances in 
potatoes, the following preliminary experiments have been made with 
resting terminal buds. Twigs of Fraxinus, placed in a vessel with water, were 
put together with a wad moistened with 20 ml. 40 °/o ethylenechlorhydrin 
in a closed container of 28 1. volume. In a similar container were placed 
twigs in the same way, but the wad was moistened with 20 ml. water instead 
of ethylenechlorhydrin. The terminal buds in the first container are termed 
ethylenechlorhydrin-treated buds in the following and those in the second 
container are termed not-treated. The containers were placed at a temperature 
of 20° C. for one day, whereupon the twigs were removed and placed in 
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vessels with water in a greenhouse at c. 15° C. Five days after the beginning of 
the treatment peripheral and central bud parts were extracted with ether. The 
extracts were analyzed for their content of growth-inhibiting substances. It 
was found that growth-inhibiting substances were present in large amounts in 
extracts of peripheral and central bud parts from not-treated terminal buds. 
The extracts of peripheral as well as of central bud parts from ethylenechlor- 
hydrin-treated terminal buds contained, on the other hand, much smaller 
amounts of these substances. For instance, in order to inhibit c. 30 °/o of 
the effect of the indole acetic acid in the Avena test it was necessary to have 
about 6 times as much extract of peripheral bud parts from treated terminal 
buds as from not-treated, see Fig. 2a and b. Of extract from central bud 
parts it was necessary, to obtain the same inhibitory effect, to have about 
3 times the amount of extract from treated terminal buds as from not-treated, 
see Fig. 2c and d. 

In order to ascertain how rapidly the inhibiting substances disappear from 
the terminal buds in the ethylenechlorhydrin treatment, the following experi- 
ments were made with six portions of uniformly large, resting Fraxinus twigs. 
Each portion was put in a vessel with water, 3 of the samples being treated 
with ethylenechlorhydrin during one day. The remaining samples acted as 
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controls. After the treatment, the water was changed in all the vessels, after 
which they were placed in the greenhouse at c. 15° C. One, four and seven 
days respectively after the commencement of the treatment the terminal buds 
from one of the samples from the ethylenechlorhydrin-treated series and from 
one from the control series were extracted. Peripheral and central bud parts 
were extracted separately. The content of growth-inhibiting substances in 
the extracts was determined. 

In all the extracts, both of peripheral and of central bud parts from not- 
treated twigs, large amounts of growth-inhibiting substances were found, 
see Figs. 3 a,c, and e, and 4 a,c, and e. The same was the case with the extracts 
of peripheral and central bud parts from treated twigs prepared one and four 
days respectively after the commencement of the treatment, see Figs. 3b 
and d, and 4-b and d. The extracts prepared seven days after the commen- 
cement of the treatment had, on the other hand, a considerably reduced 
content of growth-inhibiting substances, see Figs. 3 f and 4 f. 

The experiment last described and the preliminary experiment thus give 
the following results. The treatment with ethylenechlorhydrin causes the 
growth-inhibiting substances to begin to disappear from both the peripheral 
and the central bud parts from the resting terminal buds. This disappearance 
is not clearly observable until c. 5 days after the commencement of the treat- 
ment with ethylenechlorhydrin. The disappearance seems to begin somewhat 
earlier in the peripheral bud parts than in the central ones. 
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Discussion 


Zimmermann (1936) has found auxin exclusively in shooting tree buds. 
Avery, Burkholder, and Creighton (1937) were unable to demonstrate auxin 
in terminal buds of Aesculus and Malus until about 3 weeks before the visible 
swelling of the buds. 

Gouwentak (1941), who has studied the cambial activity in resting Fraxinus 
twigs, finds that ethylenechlorhydrin treatment stimulates the cambium in 
resting Fraxinus twigs to activity, but only if it is followed by indole acetic 
acid treatment. If the twigs are wounded, the indole acetic acid, however, 
can initiate division of the cambium in the neighbourhood of the wound 
without previous treatment with ethylenechlorhydrin. 

In publications concerning the rest-period of the potato (Hemberg 1946, 
1947 and 1949), it has been shown that auxin is of no significance for the 
rest-period of the potato, but that, on the other hand, the substances inhibiting 
elongation appear to be so. This assumption is based on the following facts: 
Peelings of resting potatoes contain growth-inhibiting substances. In the 
peelings of potatoes that have just emerged from the rest-period, the inhibiting 
substances have largely disappeared. If resting potatoes are subjected to 
treatment interrupting rest, e.g. through wounding or treatment with ethylene- 
chlorhydrin, large amounts of the growth-inhibiting substances disappear 
from the peelings. The auxin content in resting potatoes and in potatoes that 
have just emerged from the rest-period is, on the other hand, equally low. 

The results of the experiments in the present paper show the following. 
Resting terminal buds of Fraxinus contain large quantities of growth- 
inhibiting substances. These substances have largely disappeared during the 
early spring. This disappearance might possibly be a fiction only, and be 
due to an increase in the content of auxin in the buds. However, that is not 
likely to be so. As mentioned above, it has been clearly demonstrated in the 
case of potatoes that it is the growth-inhibiting substances that partially 
disappear with the termination of the rest-period (Hemberg 1947). Further, 
impure extracts of peripheral as well as of central bud parts, prepared in 
February from not resting terminal buds of Fraxinus and transferred to agar, 
have proved to be able to produce only very small and hardly measurable 
curvatures in the test plants. The possible content of auxin in these extracts 
is therefore not likely to have been able to influence the determinations of 
the growth-inhibiting substances. A large part of the growth-inhibiting sub- 
stances of resting terminal buds disappears, as already stated, when treatment 
with the rest-breaking medium ethylenechlorhydrin is applied. That it is 
here a case of a genuine disappearance and not of a formation of new 
auxin, is extremely probable, as ethylenechlorhydrin treatment of resting 
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potatoes results in a reduction in the content of inhibiting substances present 
in the potato peelings, while their content of auxin remains unchanged 
(Hemberg 1949). Also according to Guthrie (1939), the auxin content of the 
potato is not increased when ethylenechlorhydrin treatment is applied. Indeed, 
Michener (1942) even finds. that treatment with ethylenechlorhydrin causes 
a temporary reduction in the auxin content. 

A study of the auxin content of the buds during the rest-period has not 
been made, as the growth-inhibiting substances occur during this period in 
such large amounts that they entirely conceal the effect of the auxin in the 
Avena test. Even if rather small amounts of auxin occur also during the rest- 
period, the large amount of growth-inhibiting substances must entirely 
eliminate its effect. 

It is probably correct to assume that the growth-inhibiting substances are 
of the same significance for the rest-period of the buds, whether it is a case 
of Fraxinus or of potatoes. 


Summary 


1. The present work comprises a study of the occurrence of elongation- 
inhibiting substances in resting and not resting terminal buds of Fraxinus. 
The substances have been extracted with ether and in the extractions. the 
two outermost pairs of decussate bud scales have been treated separately 
— the extracts are termed extracts of peripheral bud parts — and the rest 
of the buds separately — the extracts are termed extracts of central bud parts. 

2. In extracts prepared in the autumn at a time when the forcing experi- 
ments carried out show that the buds are resting — terminal buds on twigs 
kept at 23.5° C. exhibited no development after 6 weeks — large amounts 
of inhibiting substances have been found in extracts of peripheral bud parts 
as well as in extracts of central bud parts. 

3. In extracts prepared in February with buds that at least ta a large 
extent had emerged from the rest-period — terminal buds on twigs kept at 
23.5° C. opened in 4 weeks — much smaller amounts of inhibiting substances 
were found in extracts of peripheral bud parts as well as in extracts of 
central bud parts. 

4. Resting twigs of Fraxinus have been treated with ethylenechlorhydrin, 
which is known to break the rest: 1, 4, 5, and 7 days respectively after the 
commencement of the treatment extractions were made of a portion of peri- 
pheral bud parts and a portion of central bud parts. At the same time extrac- 
tions were made of peripheral and central bud parts respectively from 
terminal buds not treated with ethylenechlorhydrin. Whereas all the extracts 
from the not-treated terminal buds contained large amounts of inhibiting 
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substances, only considerably smaller amounts of growth-inhibiting sub- 
stances could be detected in the extracts of ethylenechlorhydrin-treated ter- 
minal buds that were made 5 and 7 days respectively after the commencement 
of the treatment. 

5. It is assumed that the growth-inhibiting substances are of the same 
significance for the rest-period in terminal buds of Fraxinus as, they are 
assumed to be in earlier publications (Hemberg 1946, 1947 and 1949) for the 
rest-period of the potato buds. 


This paper has been produced with the aid of a grant from the Swedish Natural 
Science Research Council. The author is indebted to miss Margareta Strômbom for 
valuable technical assistance. 
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In a recent paper I made some remarks on the surface layers and the 
formation of the fertilization membrane in Fucus eggs (cf. Levring, 1947). 
The surface of mature, unfertilized eggs seemed to be built up of a super- 
ficial protoplasmatic lipoid-protein membrane and under this a layer of 
»cortical granules». No real membrane occurs, but the plasma surface is 
covered with a very inconspicuous layer of mainly protein nature, which 
was designed as egg-membrane. The surface of the eggs showed a rather 
weak birefringence, positive in a radial direction. 

The fertilized eggs were covered with a very strong fertilization membrane 
‘or cell-wall containing a central lamella of cellulose. The cortical granules 
had disappeared and the viscosity of the cytoplasm was higher than in 
mature, unfertilized eggs. The cell-wall showed a very strong birefringence, 
contrary to the conditions in the unfertilized eggs, which is negative in a 
radial direction. 

The very thin egg-membrane of the unfertilized eggs could be removed 
by a treatment with trypsin. On removal of the egg-membrane no secondary 
fertilization membrane occurred after fertilization. The egg-membrane 
probably constitutes a part of the fertilization membrane and is necessary 
for its formation. 

During a visit te Australia in 1947—48 I had the opportunity of carrying 
out some similar experiments with Hormosira Banksii, a very common 
fucoid along the Southern and Eastern coasts of Australia as well as in 
New Zealand. This species, which grows in the litoral zone, was found to 
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Fig. 1. Ripe oogones. 


be a very interesting material for fertilization experiments. The structure 
and life history of Hormosira have recently been studied by Joy Osborne 
(1948), who has carefully investigated the anatomy, growth, formation of 
sexual organs and alternation of generations of the species. 

Eggs and spermatozoids can be obtained in a similar way as from Fucus. 
The thallus of Hormosira consists of a branched row of receptacles (like 
a necklace). The species is dioecious and if material was left in the air 
exudation occurred after 5 minutes to 1 or 2 hours and the sexual products 
appeared on mature receptacles as small lumps over each ostiole of the 
numerous conceptacles. The lumps are orange in male plants and olive- 
green in female ones. 


Unfertilized eggs 


The ripe oogonia contain each 4 eggs (Fig. 1). According to Getman (1914) 
and Osborn (l.c.), 8 cells are formed but 4 of them degenerate. The first 
two of the three nuclear divisions are probably meiotic. Besides oogonia 
and different kinds of hairs the conceptacles contain large quantities of 
mucilage, which is important for the release of the eggs. The oogonia also 
contain mucilage between the eggs and the oogonial wall (the exochite). At 
low tide the plants are exposed to the air and a great evaporation takes place. 

When the plant is under water again, water is absorbed. As a result the 
mucilage swells and this causes the ripe oogonia to burst. The swelling of 
the mucilage of the conceptacles forces the eggs through the ostiole and they 
are released. It also happens that complete, mature oogonia are released. 
This mucilage-swelling mechanism may be common to all intertidal fucoids. 
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Fig. 2. Fig. 3. 


Fig. 2. Egg with endochite, just released from the oogonium. 


Fig. 3. Ripe egg. 


If a mature oogonium is put into sea-water it immediately starts to swell, 
the exochite bursts and the four eggs are liberated together with some 
mucilage. 

Contrary to Fucus the eggs of Hormosira are not naked in the beginning. 
Each egg released from the oogonia has an individual thin wall, the endochite, 
enclosing the egg and a considerable quantity of mucilage (Fig. 2). Water is 
imbibed and in a few minutes time the endochite ruptures and the mature, 
naked egg is released through the break of the wall (Fig. 3). 

In the microscope a thin, shining layer around the egg is visible. It may 
at least partly be the egg-membrane, which was hardly visible on Fucus 
eggs. Under the surface of Hormosira eggs a darker layer (»cortical granu- 
les») seems to occur. 

Eggs were treated with hypertonic sea-water. The volume of the eggs 
diminished, but no cell-wall became visible. If they were treated with 
distilled water, they burst and disintegrated more or less. Several interesting 
observations could then be made. 

When the- eggs are immersed in distilled water, their volume increases 
a little at first. Then the cortex starts to bend a little and a number of 
smail blisters are formed. Some of the blisters burst and at the same moment 
a contraction of the cortex can be seen and protoplasm is released through 
the breaks. One gets the impression that the cortex acts as an elastic mem- 
brane. At the contraction of this membrane the protoplasm, which has 
taken up water, is forced out through the breaks. Plainly visible around 
the breaks are also pieces of the membrane (Fig. 4—5). In a few minutes, 
however, the eggs are entirely disintegrated. 
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Fig. 4. Fig. 5. 


Fig. 4 and 5. Eggs in distilled water. They have just ruptured and the egg membrane forms 
plainly visible funnels, where the protoplasm is released. 


When examined with a polarizing microscope the cortex of the eggs (as 
in Fucus) showed a rather weak birefringence, which was positive in a 
radial direction. This birefringence may be due to the occurrence of rod- 
shaped lipoid molecules arranged perpendicularly to the surface of the egg. 
On the other hand, the remnants of the cortex from eggs treated with 
distilled water were weakly birefringent, negative in a radial direction. At 
the treatment with distilled water the lipoids are dispersed. The changed 
character of the birefringence must be due to the proteins of the cortex 
and indicates that the protein molecules are orientated tangentially to the 
surface of the cortex. The endochite is weakly birefringent, positive in a 
radial direction. 

If mature eggs are treated with absolute alcohol, they look glossy in the 
polarizing microscope. Around the egg there seems to be a layer birefringent 
in a negative direction. In this layer also a certain stratification could be 
observed. The result of the alcohol treatment thus seems to have been a 
precipitation of mucilage. As mentioned above, the eggs are surrounded by 
mucilage and a thin wall, the endochite, when they are leaving the oogonia. 
When the mature eggs are released through the break in the endochite, they 
are obviously covered with a mucilaginous coat, which is gradually more 
or less dissolved by the sea-water. 

Eggs were also treated for one or two hours with a trypsin (Th. Schuchardt, 
commercial preparation) solution (0.5—0.1 °/o) and afterwards washed with 
pure sea-water. If spermatozoids were added a fertilization process took 
place in quite a normal way. But, as in Fucus, no fertilization membrane 
was formed. Some nuclear divisions could be observed, which may indicate 
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Fig. 6. Diagrammatic representation of 
the surface layers of the Hormosira 
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that the eggs really were alive. By the action of the trypsin protein com- 
ponents of the egg-membrane must have been broken down so that the 
egg membrane was no longer able to take part in the cell-wall formation 
after the fertilization. 

The surface of the mature Hormosira egg thus seems to be built up in 
the following way (Fig. 6). The outermost part of the egg protoplasm 
contains a layer of cortical granules close under the lipoid-protein mem- 
brane of the protoplasm. Then the egg-membrane follows, which is very 
important for the formation of the fertilization membrane and which, at 
least partly, seems to be built up of protein components. The surface of the 
egg is weakly birefringent, positive in a radial direction. The surface is 
covered with a layer of mucilage, which seems to be more or less stratified 
tangentially and which is gradually dissolved in the surrounding sea-water. 
Compared with Fucus eggs it is especially interesting to note that the egg 
membrane of Hormosira eggs is thicker and furthermore that any occur- 
rence of a mucilaginous coat has not been shown in Fucus eggs. 

The correspondence of Hormosira eggs to sea-urchin eggs is striking 
(cf. Runnström and Monné, 1945; Runnström, Monné and Wicklund, 1946). 
The mucilage cover of the Hormosira egg corresponds to the jelly coat of 
the sea-urchin egg, the egg-membrane to the vitellin-membrane, in both 
cases there is a plasma-membrane and a layer of cortical granules (or 
perhaps in the case of Fucus and Hormosira it would have been more 
correct to speak of cortical particles, as the granules are probably very 
small). 


The fertilization membrane 


At fertilization the spermatozoids swarm around the egg for a variable 
length of time (up to half an hour), one penetrates into the egg and the 
rest of them become sluggish and soon die. If an egg is put into distilled 
water a few minutes after fertilization, it bursts at one point. The formation 
of a cell-wall has already started, and after 10 minutes or so it is strong 
enough not to break if distilled water is added. At this stage the membrane 
is very thin — hardly thicker than the egg-membrane of the unfertilized 
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Fig. 7. Fig. 8. 


Fig. 7. Fertilized egg with wall. Plasmolysed with hypertonic NaCl solution. 


Fig. 8. Fertilized egg plasmolysed with hypertonic NaCl solution. The photograph is 

taken by using polarized light (two crossed polaroid filters). In the cell wall are two, 

layers plainly visible with a dark boundary line in between. Both layers are birefringent, 
the exterior one weakly. 


egg. By adding hypertonic NaCl solution the egg is plasmolysed and the 
thin wall remains plainly visible around the shrunken protoplast (Fig. 7). 
The wall increases rapidly in thickness. 

As in Fucus, the fertilization membrane presents a strong birefringence, 
which is negative in a radial direction, and therefore probably contains 
rod- or foil-like molecules arranged tangentially to the surface of the egg. 
A close examination shows, however, that the wall consists of two layers 
with a dark boundary in between. The interior layer exhibits a strong 
negative birefringence, the exterior one, which is much thinner, a very weak 
positive birefringence (Fig. 8). The interior layer (especially its peripheral 
part) was stained blue at varying degrees by zinc chloride iodine mixture. 

As in Fucus, the egg membrane obviously plays a very important rôle 
at the formation of the fertilization membrane. Only in Hormosira some 
more details could be studied. The cell-wall formation starts immediately 
after the penetration of the spermatozoid into the egg. The material of the 
wall derives at least partly from the cortical granules, which seem to have 
disappeared after the formation of the wall. The wall is formed on the 
interior side of the egg-membrane, which then plays the rôle of a kind of 


supporter templet upon which the new wall molecules — partly consisting 
of cellulose — are arranged tangentially to the surface of the egg. This 


proeess is of course of a very complex nature involving both changes of the 
single molecules, their displacement and mutual arrangement. The exterior, 
weakly (positive) birefringent layer of the fertilization membrane, probably 
consists of the outermost parts of the egg-membrane (Fig. 9). 
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Fig. 9. Surface of a fertilized egy. cw — cell wall; 
el -— exterior and il — interior layer; b — dark 
boundary line; p — protoplasm. 


The action of forapin (extracted from bee venom) on Fucus eggs has 
been described earlier (Levring L.c.). Without any fertilization a cell-wall 
was formed around the egg. Similar effects have been obtained on sea-urchin 
eggs also with a number of other surface-active substances (cf. Runnström, 
1948). 

With Hormosira I was able to carry out experiments by using two agents: 
bovine plasma and trypsin (in very weak solutions). 

Preparations of different enzymes of blood plasma and serum have 
been found highly active on the surface of sea-urchin eggs. The one I tried 
on the Hormosira eggs was a serum albumin preparation (Bovine plasma, 
fraction V from Armour & Co., cf. Loomis, George and Ryder, 1947). Eggs 
were treated with the following solutions in normal sea-water: 0.1, 0.05, 
0.025, 0.01 °/o. After about 36 hours a wall was formed on eggs in the 0.01 °/o 
solution. This wall was thinner than the normal fertilization membrane, but 
was strongly birefringent, negative in a radial direction, showed the same 
stratification and zine chloride iodine reaction as the normal one. 

This experiment shows that the serum albumin preparation used was also 
active on Hormosira eggs. The cell-wall formation was obviously slower 
than after a normal fertilization. 

The effect of trypsin was mentioned above. If comparatively strong 
solutions (0.5—0.1 °/o) were used, protein components of the egg-membrane 
were dissolved and no cell-wall formation followed upon fertilization. If 
weak solutions were used, the effect was quite different. Eggs were treated 
with the following solutions: 0.25, 0.1, 0.05, 0.025 and 0.01 %o. Two series 
of solutions-were made up, one with normal sea-water and one with an 
addition of GaCl,, so that the Ca’: concentration was twice as high as in 
normal sea-water. 

Results were obtained with the trypsin concentrations 0.05—0.01 ‘0, 
though only, if Ca‘ was present in higher concentration than in normal 
sea-water. After 20—-30 hours a cell-wall had been formed. The time was 
a little different in the different experiments and the most favourable con- 
centrations seemed to be 0.025—0.01 °/o. The membranes were as a rule 
thinner than normal ones formed after fertilization. They showed, however, 
the same birefringent properties and reactions with zinc chloride iodine. In 
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many cases a certain nuclear activity could also be observed. Soon after 
12—20 hours nuclear divisions had started in some eggs. 

The effect of a weak trypsin solution is thus quite different from a stronger 
one. It is very interesting to find that a substance which in one case makes 
the cell-wall formation impossible in another concentration activates the 
same process. 

It is well known from several enzyme reactions that certain enzymes 
are activated by other ones. A typical example is coagulation of blood, 
where a number of so-called proenzymes have to be activated if the 
mechanism is to be able to function properly. For the rest, it has also been 
found that trypsin activates this process. If eggs are treated with a very 
weak trypsin solution the proteolytic activity is very small. In other words 
the egg membrane is not spoiled. Instead, the effect is an activation of other 
enzyme systems, so that cell-wall material is transported through the plasma 
membrane to the interior part of the egg membrane, where the fertilization 
membrane is formed. The nuclear mechanism also seems to be activated. 
Obviously the same enzyme systems are activated by substances from the 
spermatozoids at normal fertilization. It may here be of interest to remind 
on the analogous results in experiments with sea-urchin eggs (cf. Runn- 
strom, 1947, 1949). 


Influence of duponol on the fertilization 


The blocking effect of androgamone III (cf. Runnstrôm, Tiselius and 
Lindvall, 1944; 1945; Runnstrôm and Lindvall, 1946) upon the fertilization 
of sea-urchin eggs as well as several other reactions has been studied by 
Runnstrôm and others. Androgamone III was primarily extracted from 
sperms, but a similar substance may be released in the egg-surface upon the 
attachment of the spermatozoon. The striking analogies.between the effects of 
androgamone III as well as those of duponol and certain other detergents 
have also been shown. 

Duponol is a mixture of sulphonates of long-chain aliphatic alcohols 
differing only in the length of the hydrocarbon chains (cf. Putnam, 1948). 
I also made some experiments with this substance. The following dilutions 
in sea-water were used: 0.01, 0.004, 0.002, 0.001, 0.0005 °/o. 

If ripe spermatangia are put into sea-water, the spermatozoids are soon 
released. As a rule, after a minute or two they are all swarming in the water. 
If any eggs are present, the spermatozoids are immediately attracted and 
a fertilization takes place as described above. The experiments with duponol 
were carried out so that the spermatangia were added to the different 
solutions. A number of eggs were added in advance. 
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The result was rather interesting. In the 0.01 °/o solution the spermato- 
zoids were never liberated. In the 0.004 °/o one they left the spermatangium 
but never started to move. They remained motionless outside the sperma- 
tangium. Occasionally a few might swarm for a few minutes before they 
became immobile. In the 0.002 °/o solution the spermatozoids were released 
and seemed to swarm in quite a normal way. After a few minutes, however, 
they lost their mobility. In the 0.001 and 0.0005 °/o solutions they were 
released and swarmed in quite a normal way. But the eggs were neither 
attacked nor fertilized. 

It may be of interest to recall the behaviour of the spermatozoids at a 
normal fertilization in pure sea-water. At first they are swarming around 
the egg for a comparatively long time — up to half an hour. Then one 
spermatozoid penetrates into the egg and the rest undergo a great change. 
When there are only a few spermatozoids the picture is a little different 
from that when there is a dense swarm of them. In the first case they may 
swim away from the egg. As a rule, they gradually become sluggish and 
soon all the spermatozoids remain immobile near the egg. It can also be 
observed that, in a drop of water where a number of eggs have been fertilized, 
all the spermatozoids are soon lying motionless, whereas they retain their 
mobility for a long time if they are released in water with no eggs. 

It therefore seems very likely that a substance acting like duponol (and 
perhaps of related nature) is released from the egg at the same moment 
as the latter is penetrated by a spermatozoid. As a consequence the remain- 
ing spermatozoids lose their mobility and further fertilizations are blocked. 
The substance suggested may therefore be connected with the mechanism 
which prevents polyspermy. The analogies with the conditions at the ferti- 
lization of sea-urchin eggs are also striking. 


Summary 


The properties of eggs of Hormosira Banksii have been studied. The ripe 
oogonia contain 4 eggs. When released they are surrounded by a thin wall, 
the endochite, enclosing the egg and a considerable quantity of mucilage. 
In sea-water the endochite ruptures in a few minutes and the mature, naked 
egg is released through the break in the wall. 

The surface of the mature Hormosira egg was found to be built up in 
the following way. The peripheral part of the egg-protoplasm seems to 
consist of a layer of cortical granules or particles under the lipoid-protein 
membrane, which is covered with the egg-membrane. The surface is weakly 
birefringent, positive in a radial direction and the construction corresponds 
well with the surface of Fucus eggs. It could however be shown that the 
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egg-membrane of Hormosira eggs were covered with a layer of mucilage, 
which seems to be more or less stratified tangentially and which is gradually 
dissolved in the surrounding sea-water. 

The fertilization membrane was found to be built up of two layers with 
a dark boundary in between. The interior layer is strongly birefringent and 
must therefore contain rod-shaped molecules arranged tangentially to the 
surface of the egg. Especially its peripheral part was found to contain 
cellulose. The exterior part, which is much thinner, shows a very weak 
positive birefringence and consists probably of the outermost part of the egg- 
membrane. The material of the interior part probably derives partly from 
the cortical granules. The wall is formed on the inner side of the egg- 
membrane, which plays the réle of a kind of supporter templet, upon which 
the molecules are arranged tangentially to the surface of the egg. The 


importance of the egg-membrane is apparent as in Fucus eggs — from 
the fact that no wall is formed if the egg-membrane is removed before 
fertilization. 

The effect of a serum albumin preparation and of very weak solutions of 
trypsin was also studied. In both cases (with trypsin only in connection 
with an increased content of Ca) a more or less normal fertilization 
membrane was formed. The effect of trypsin is especially interesting. If a 
comparatively strong solution is used, the egg-membrane is broken down 
and no cell-wall can be formed afterwards. The weak solutions must also 
affect the egg-membrane in such manner that the cell-wall forming 
mechanism starts to work. It is very likely that it is a question of an 
activation of certain enzyme systems, so that cell-wall material is transported 
through the plasma-membrane to the interior part of the egg-membrane 
where the fertilization membrane is formed. The nuclear mechanism also 
seems to be activated. 

Finally, the blocking effect of duponol upon the fertilization has been 
studied. At a normal fertilization the spermatozoids are swarming around 
the egg for a comparatively long time. At the same moment as one of them 
penetrates the egg the other ones lose their mobility more or less completely. 
It therefore seems very likely that a substance acting like duponol is released 
from the egg at the moment of fertilization and that further fertilizations 
are thus blocked. The analogies between duponol and androgamone III have 
also been mentioned. 


These experiments have been carried out at the C.S.I.R. Marine Laboratory in 
Cronulla near Sydney, N.S.W. The author expresses his thanks to the Director of 


the Laboratory, Dr. H. Thompson, for his unfailing courtesy and help during the 
visit to Australia. 
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1. Testing of Various Species of Mould 


With the idea that mould species with antibiotic activity against bacteria 
might also in some cases inhibit Polyporus annosus Fr, 27 species in the 
antibiotic literature were selected.” A preliminary study was made by in- 
oculating malt agar plates at one edge with a drop of a water suspension 
of Polyporus annosus, which was then allowed to grow for 5 days at 26° C. 
After that the moulds were inoculated in the same way at the opposite edge 
of the plate. As moulds generally grow more rapidly than Polyporus annosus 
the difference in time between the inoculations lead to the annosus and 
mould vegetations meeting approximately at the center of the plates, so that 
a possible inhibition area could easily be observed. It was also easy to 
establish which fungus in such a case exerted the inhibitory activity. The 
following results were obtained: 


Table 1. The inhibitory effect of various moulds on the growth of Polyporus annosus. 


Aspergillus clavatus ........... ar Aspergillus parasiticus ........ — 
Aspergillus flavipes ........... — Penicillium avellaneum ........ — 
Aspergillus flavus ............. te Penicillium baculatum ......... “= 
Aspergillus fumigatus ......... — Penicillium chrysogenum ...... =: 
Aspergillus giganteus .......... = Penicillium citreo-roseum ...... — 
Aspergillus nidulans ........... = Penicillium citrinum .......... oe 
Aspergillus oryzae ............ at Penicillium claviforme ......... sear ae AE 


1 The moulds were obtained from The Centraalbureau voor Schimmelcultures, Baarn. 
In addition- a strain of Penicillium funiculosum was obtained from Professor E. Björk- 
man, Royal College of Forestry, Stockholm. 
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Penicillium crustosum ......... — Penicillium resticulosum ...... Core 
Penicillium expansum ......... Ai Benteilluum TUDES. ©. «apr eee — 
Penicillium fluorescens ........ — Penicillium spiculisporum ...... — 
Penicillium Melinii ............ — Penicillium spinulosum ........ Sivan 
Penicillium notatum............ — Penicillium stoloniferum ....... — 
Penicillium’ patulum 2 2... Se ier Penicillium turbatum .......... — 
Penicillium puberulum ........ — Penicillium funiculosum ....... rar 


++++ good effect 


SES Se moderate effect 
Spas weak effect 
24 


D very weak effect 
no effect 


Thus good activity was obtained with 4 Penicillium species, namely Peni- 
cillium claviforme, Penicillium patulum, Penicillium resticulosum and Peni- 
cillium funiculosum. Funiculosum could be assumed to have such an effect 
because of the place where it was found. On the other hand the effect was 
less obvious in the case of the aspergilli, with weak activity by Aspergillus 
clavatus and Aspergillus flavus and somewhat stronger by Aspergillus oryzae. 

Penicillium claviforme gives claviformin (Chain, Florey & Jennings, 1942) 
which compound is identical with patulin, which inter alia is obtained from 
Penicillium patulum that was positive at the preliminary investigations. 
Claviformin is also formed by Aspergillus clavatus, which also had an effect. 
In all probability, claviformin ought to be an antibiotic against Polyporus 
annosus. That this really is the case was established later on when testing 
with a crude preparation of claviformin. 

The four moulds which were found most active on malt agar plates were 
cultivated on Czapek-Dox solution (150 ml in 500 ml Erlenmeyer flasks at 
26° C). After 12 days’ incubation each culture liquor was divided into two 
parts, one of which was sterilized by filtration and the other autoclaved 
(30 minutes at 120° C). Melted malt agar was then mixed with an equal 
volume of sterilized culture liquor, poured into dishes and inoculated with 
a suspension of Polyporus annosus. 

The three C.B.S.-strains were evidently superior to Penicillium funiculo- 
sum. The unchanged inhibitory effect after autoclaving in the first three 


Table 2. Antibiotic effect of the most active moulds after cultivation in liquid medium. 
(5 — maximum effect, 0 = blank, no effect) 
ee eT 
Sterilization Sterilization 
by filtering by autoclaving 


mm ————— —_—_—_— 


Species 


Penicillium clavifcrme ...... 5 | 5 
Penicillium patulum ........ 5 5 
Penicillium resticulosum .... 5 | 4,5 | 
Penicillium funiculosum 4 1,5 
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cases is interesting and indicates that the active compound is claviformin, 
as this antibiotic stands heating at low pH (pH in the fermented media was 5). 

As it would be desirable to obtain annosus antibiotic in larger quantities, 
experiments were made to cultivate the above-mentioned four strains by a 
submerged method. For this purpose 500 ml Erlenmeyer flasks with 250 ml 
Czapek-Dox solutions were used. After inoculation the flasks were shaken 
in a rocking-machine at 26° C. The cultivation was completed after 1 week. 
The media were sterilized by filtering before the test and were then mixed 
with an equal volume of malt agar. 


Table 3. Antibiotic effect of the most active moulds after submerged cultivation. 


(5 = maximum effect, 0 — blank, no effect) - 


Penicillium claviforme ........... 5 
Penieiliumspatulum a en 4,5 
Penicillium resticulosum ......... 35 
Penicillium funiculosum ......... 0 


Thus Penicillium claviforme seemed to give the highest activity in sub- 
merged culture and was therefore selected for further experiments. 


2. Preparation of Claviformin as a Crude Produet 


The extraction of claviformin was carried out by Kent & Heatley’s method 
(1945). For practical reasons we used surface cultures in 18 Erlenmeyer- 
flasks which were incubated for 12 days at 26° C. The mycelium was then 
removed by filtration. The filtrate (2,7 litres) had a pH of 5,1. 2 %o active 
carbon was added, which was then filtered off, eluated and washed with 
in all 1 litre 80 °/o acetone. The acetone was then removed in vacuo. The 
evaporation residue was divided into two parts, one of which was made 
acid with 3 ml 1 N H,SO,. Both parts were then extracted with ethyl ether 
in a liquid-liquid extractor. Aliquot parts of the extracts (yellow solutions) 
were taken off for analysis, whereafter the extracts were combined and 
concentrated in vacuo until a viscous residue remained. This residue was 
stirred with chloroform. A small part of non-chloroform-soluble substance 
of a wax like character could then be separated by filtration. The chloro- 
form solution was evaporated on a water bath whereby a total residue of 
5,3 g, still containing chloroform, was obtained. This residue was insoluble 
in water but soluble in 1 N NaOH. When heating the alkaline solution the 
red-yellow colour changed into bright yellow and a lemon odour ‘was noticed 
(claviformin is very unstable in alkaline solution). When the cold alkaline 
solution was acidified the colour disappeared. The change from colourless 
to red-yellow — even in very diluted solution — when the solution was made 
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alkaline, was very characteristic. Compare similar reports by Chain et 
al. (1942). 

The experiments showed that the carbon adsorption may cause losses. 
Later the pH was lowered to 2,5 before the carbon treatment, which gave 
better yields. Acidification during the extraction on the other hand did not 
seem to influence the result. 

The evaporation of the chloroform solution on a water bath seems to 
have caused a considerable increase in the activity. Malt agar plates with 
0,125 °/o of the crude product represented about the limit of the growth of 
the annosus; certain plates remaining sterile and others exhibiting growth. 
Compare the result by examining a claviformin solution obtained by sub- 
merged cultivation of Penicillium claviforme (below). Here the claviformin 
had an inhibitory effect in a concentration estimated at 0,001 °/o. 


3. Production of Crude Claviformin on a Somewhat Larger Scale 


a) Surface Cultures. 


In order to prepare a larger quantity of crude claviformin, Penicillium 
claviforme was-cultivated as a surface culture in a stainless vessel containing 
9 litres of medium in a layer of 5 cm. The growth was very good. The 
extraction was carried out as above. The crude product, which was kept 
in a refrigerator during the summer, seems however to have changed. After 
storing for about 3 months only part of the product could be easily dis- 
solved in chloroform or alcohol; the rest formed a resinous substance. 


b) Submerged Cultivation. 


The cultivation was made in a small stainless vessel provided with devices 
for aeration and mechanical agitation. The vessel was tempered in a water 
thermostat. Vessel and medium (10 litres of Czapek-Dox solution) were 
sterilized separately. The pH of the substrate was adjusted to 4,5, after which 
inoculation was made with 1 litre of claviformin suspension produced from 
a surface culture by treatment in a Waring blendor. During the first five 
days the quantity of air was 37,5 litres per litre of medium and hour and 
was then increased to 50 litres. The entire cultivation time was 8 days. 

The mycelium was filtered off and the claviformin adsorbed on active 
carbon (400 g) after the pH had been adjusted to 2,5. After eluation with 
1,5 litres of 80 0/o acetone, the solution was evaporated in vacuo to 310 ml. 
The solution was sterilized by filtration. 

When testing with Polyporus annosus, a complete inhibition was obtained 
when 1 %o of the solution was added. 0,5 °/o gave a growth which was 
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estimated at "/,, of that of the blank. If the concentration of claviformin is 
estimated at 1 g per 1 litre of the culture liquor the inhibitory effect of 
claviformin would be complete at a claviformin concentration of 0,001 0/0. 


Summary 


Of 28 investigated moulds a fairly good inhibitory effect against Poly- 
porus annosus Fr. was obtained in 4 cases. According to the literature 3 of 
these fungi produce claviformin. By cultivating Penicillium claviforme on 
Czapek-Dox solution in surface or submerged cultures a strongly active 
solution was obtained from which claviformin was isolated as a crude pro- 
duct by Kent & Heatley’s (1945) method. That this crude product actually 
contained claviformin was evident from the reaction of the substance in acid 
and alkaline solution. 

A sample of the crude product with traces of chloroform, which was kept 
at a low temperature for about 3 months, showed certain changes (resini- 
fication). 
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1. Introduction 


As a rule the oxygen consumption in plant organs is sensitive to sodium 
azide. All roots investigated seem to have an oxygen consumption that can 
be inhibited by this poison. As regards green leaves, it is also obvious that 
there is an azide-sensitive respiratory system in young ones. Old leaves, 
however, behave differently from young ones. Their oxygen consumption is 
more difficult to inhibit; sodium azide often causes a stimulation instead 
of the inhibition obtained in young leaves (wheat: Allen & Goddard 1938, 
carrot: Marsh & Goddard 1939, barley: Merry & Goddard 1941 and Mikhlin 
& Kolesnikov 1947). Marsh & Goddard summarize their results from experi- 
ments with carrot leaves thus: »The respiration of immature leaves is similar 
to that of roots in being inhibited by NaN,, HCN, and CO, but when the 
leaves become mature, the respiration is not inhibited by any of these 
poisons». Merry & Goddard found that in the first leaf from 7-day seedlings 
of barley 0.001 M sodium azide inhibited 87 per cent of the oxygen con- 
sumption, whereas in the first leaf from 14-day seedlings a stimulation of 
70 per cent was obtained. Merry & Goddard think that this change with the 
age of the plant is due to a differentiation of oxidase mechanisms and state 
that the respiration of young leaf tissue is mediated largely by cytochrome 
oxidase, while no evidence of this oxidase is found in mature leaves. Mikhlin 
& Kolesnikov arrived at the same results as Merry & Goddard and they 
suggest that in old leaves cytochrome oxidase is replaced by flavoproteins. 

The effect of sodium azide is known to be very sensitive to changes in 
the acidity (see Stenlid 1948). As the experiments with sodium azide 
mentioned above were all made at a single pH value, it seemed necessary 
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to study the effect of variations in the pH value upon the azide inhibition 
of the respiration in green leaves. This paper gives data from such experi- 
ments and also some results from experiments with two other agents affect- 
ing oxygen consumption, viz. ortho-phenanthroline and 2,4-dinitrophenol 
(a-dinitrophenol). 


2. Experiments with sodium azide 


Leaves of carrot (Daucus carota L. var. Amsterdam) were mainly used. Two 
different kinds of leaves were taken for the experiments: 1) Fullgrown leaves from 
plants 50—60 days old (a total of 5—7 leaves visible). 2) Young leaves with a total 
length of the leaf blade of 10—20 mm. For the experiments the leaves were in- 
filtrated with the buffer solutions used in the experiments (preliminary experiments 
showed that such infiltration exerted no effect on the rate of oxygen consumption). 
The leaves were cut into pieces of about 2—5 mm? in size and placed with 1.0 ml 
of the buffer solution in the respiration vessels of a Warburg-Barcroft apparatus. 
About 50 mg fresh matter was used in each vessel. The inhibitor was added when 
the oxygen consumption had been approximately constant for one hour. In some 
cases the inhibitor was added at the infiltration of the buffer solution. The experi- 
ments were made in an almost dark room, weak light being used only at the 
reading of the manometers. 0.2 ml 20 °/o KOH in centre well. Temperature 25° C. 

The values in the figures give the oxygen consumption in buffer solution + inhibitor 
expressed as per cent of the consumption in the pure buffer solution. A correction 
is made for differences in the initial rates (before addition of the inhibitor). At 
least two vessels with pure buffer solution and two with buffer solution +inhibitor 
were used for each determination. The points of the curves are plotted at the 
middle of the time period during which the determination was made. The results 
varied quantitatively somewhat from one experiment to another, but the general 
type of the effect (weak inhibition, strong inhibition, or stimulation) was always 
the same for the same experimental arrangement. The absolute amount of O, 
consumed in solutions without inhibitor varied only little with pH and was about 
500—800 mm®g fresh matter and hour in young and about 300—500 mm in old 
carrot leaves. 


The results from the experiments with sodium azide are given in figures 
1 and 2. The oxygen consumption of young leaves was inhibited by an azide 


a 
o 


Fig. 1. The effect of 0.001 M sodium azide 
upon oxygen consumption in young carrot 
leaves at different pH values. Leaves infiltrated 
with buffer solutions (circa 0.01 M phosphate- 
citrate buffers); inhibitor added at time 0. The 
oxygen consumption is given in per cent of the 
controll. For further explanations see page 62. 
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Fig. 2. The effect of 0.001 M sodium 
azide upon oxygen consumption in 
fullgrown carrot leaves. For further 
explanations see fig. 1. 
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concentration of 0.001 M both at pH 4.5—5.0 and at pH 6.0—7.0, although 
the inhibition is more pronounced at pH 4.5 (fig. 1). In agreement with the 
results of Marsh & Goddard (1939) the oxygen consumption of old carrot 
leaves at pH 6.5—7.0 was stimulated by sodium azide. At pH 4.5, however, 
an azide concentration of 0.001 M inhibited the oxygen consumption also 
in old leaves (fig. 2). There is thus a parallelism to the conditions in wheat 
roots where the effect of sodium azide is obvious only in acid solutions. 
Also experiments with young and old leaves of barley (var. Majakorn), 
wheat (var. Diamant II), and spinach (var. Viking) gave similar results. 
Obviously, sodium azide has two effects upon oxygen consumption, a 
stimulating and an inhibiting one. In old leaves the stimulation dominates 
in neutral solutions, while the inhibition is stronger in acid solutions. If the 
stronger inhibition in acid solutions is due to greater activity of the un- 
dissociated acid, an effect should be obtained also at higher pH values with 
greater concentrations of sodium azide. In table 1 it will be seen that this 
is really the case. When Marsh & Goddard (1939) report failure to inhibit 
oxygen consumption in mature carrot leaves even at an azide concentration 
of 0.01 M this is probably due to slow absorption of the poison (the leaves 
were placed with their petioles in the solution). 


Table 1. Effect of sodium azide upon oxygen consumption in fullgrown barley leaves. 

Inhibitor infiltrated together with the buffer solution (0.01 M phosphate-citrate buffer) 

at the beginning of the experiment. Oxygen consumption in per cent of controll. Duration 
of experiments 90 minutes. 


pH 


| 
| 0.001 M NaN, 
| 0.01 M NaN, 
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3. Experiments with 2,4-dinitrophenol 


Experiments similar to those with sodium azide reported in part 2 were 
also made with 2,4-dinitrophenol (a-dinitrophenol). The results are given 
in figures 3 and 4. The curves for old leaves in fig. 4 are very similar to 
those obtained with sodium azide in fig. 2. In young leaves, however, there 
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Fig. 3. The effect of 0.001 M 2,4-dinitrophenol 
upon oxygen consumption in young carrot 
leaves. For further explanations see fig. 1. 
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Fig. 4. The effect of 0.001 M 
2,4-dinitrophenol upon oxygen 
consumption in fullgrown carrot 
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is a difference between the two inhibitors; at pH 6.5—7.0 sodium azide 
inhibits oxygen consumption, while 2,4-dinitrophenol stimulates it. For 2,4- 
dinitrophenol there is thus no difference between the reaction of old and 
young leaves. 


4. Experiments with ortho-phenanthroline 


Ortho-phenanthroline forms complexes with heavy metals, especially with 
divalent iron. As it has no acid properties it is interesting to compare its 
effect with the effect of the weak acids hydrazoic acid and 2,4-dinitrophenol. 
Table 2. Effect of o-phenanthroline upon oxygen consumption ‚in root tips. Root tips 


(10 mm) from young wheat plants in 0.01 M phosphate-citrate buffer. Conc of phenan- 
throline 4-10—4 M. The values give the inhibition in per cent of controll. 


Time in minutes 


pH of buffer 


| o—30 | 30—75 |75—135 135- 135-180 
7.1 | 11 22 41 = a) 
4.9 HE 28 50 | 


Experiments with root tips from young wheat plants showed that their 
oxygen consumption is inhibited by 0.001 M o-phenanthroline to the same 
degree at pH 4.9 and 7.1 (table 2). Sodium azide, on the other hand, has a 
strong effect at pH 4.9 and no effect at pH 7.1 (Stenlid 1948). Also in young 
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Fig. -5. The effect of 0.001 M o-. 
phenanthroline upon oxygen con- 
sumption in young carrot leaves. 
For further explanations see fig. 1. 
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Fig. 6. The effect of 0.001 M o- 
phenanthroline upon oxygen con- 
sumption in fullgrown carrot leaves. 
For further explanations see fig. 1. 
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and old carrot leaves oxygen consumption is inhibited by o-phenanthroline 
both at pH 4.5 and pH 6.7 (see figures 5 and 6). Experiments with other 
leaves (wheat, barley, spinach, and tomato) all gave similar results, and 
it seems probable that oxygen consumption in green leaves can, as a rule, be 
inhibited with o-phenanthroline. 


5. Discussion 


The effects of sodium azide, 2,4-dinitrophenol and ortho-phenanthroline 
upon oxygen consumption in some plant organs are summarized in table 3. 

The fact that oxygen consumption in fullgrown carrot leaves is inhibited 
by sodium azide in acid but not in neutral solutions can be interpreted in 
several ways. Sodium azide has a strong affinity to heavy metals and it 
may be that for some reason it combines more readily with them in acid 
solutions, where it is present as undissociated acid. This problem has been 
discussed earlier (see Stenlid 1948). 

Also 2,4-dinitrophenol is an acid and quite as sodium azide it is more 
effective as an inhibitor in the undissociated state. The action of 2,4-dinitro- 
phenol upon fullgrown leaves is quite similar to that of sodium azide, 
although 2,4-dinitrophenol is known not to combine with heavy metals. 
. 2,4-dinitrophenol has been shown to inhibit certain dehydrogenases (Massart 
& Dufait 1941). Flavoproteins are inhibited by derivatives of 2,4-dinitrophe-. 
nol, although they are no specific inhibitors of these enzymes (Haas, Harrer 
& Hogness 1942). It might be possible that also the inhibition by sodium azide 
in acid solutions is due to some effect upon enzymic proteins. The different 
effect of the two poisons upon young leaves in neutral solutions, however, 
makes it more probable that they attack different links in the respiratory 


Table 3. The effect of some inhibitors upon oxygen consumption in carrot leaves and 
young wheat roots. 


Inhibitor Pl Effect at pH| Effect at pH 
ant Depot 4.5—5.0 6.5—7.0 
NaN, young carrot leaves Inhibition | Inhibition 
0.001 M old carrot leaves inhibition | Stimulation 
young wheat roots Inhibition | No effect 
2,4-dinitrophenol young carrot leaves Inhibition | Stimulation 
0.001 M old carrot leaves Inhibition | Stimulation 
young wheat roots Inhibition | Stimulation 
or no effect 
o-phenanthroline young carrot leaves Inhibition | Inhibition 
0.001 M old carrot leaves Inhibition | Inhibition 
young wheat roots Inhibition | Inhibition 
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chain; sodium azide some heavy metal enzyme and 2,4-dinitrophenol some 
dehydrogenase. Also the experiments with o-phenanthroline indicate that 
some heavy metal enzyme is involved in the respiration in fullgrown leaves. 

In spite of the results reported by Goddard and co-workers, it seems 

impossible to exclude the participation of a heavy metal enzyme without 
further evidence. The lack of inhibition with CO cannot be taken as a definite 
proof, as inhibition with CO is rather difficult to obtain. Merry & Goddard 
(1941), for instance state that also in young barley leaves the inhibition is 
irregular and difficult to show. Nor is the lack of inhibition with HCN a 
definite argument. Several complications may conceal the effect of HCN (see 
Warburg 1946) and besides there are data showing an inhibition by HCN 
even in old leaves (James & Hora 1940), although the concentration used 
was rather high (0.01 M). 
_ Summing up, one can say that although there are facts indicating that 
heavy metal enzymes cease to act as oxygen transferring catalysts in old 
leaves, other interpretations are also possible. Especially the experiments with 
o-phenanthroline support the view that catalysts containing heavy metals 
mediate at least part of the oxygen consumption also in old leaves. 

The indisputable difference between old and young leaves can be explained 
also without supposing that the enzymes containing heavy metals become 
inactive. The anatomical differentiation (such as the formation of a thicker 
cuticle) may cause changed permeability and make inhibition difficult or 
impossible in neutral solutions. It can be mentioned that infiltration is 
slower in old leaves and that a stronger effect is obtained if the inhibitor 
is infiltrated at the beginning of the experiment instead of being added to the 
surrounding solution. Another possibility is a change from one enzyme 
containing heavy metal to another with weaker affinity to the poisons. 

As to the nature of the oxygen transferring enzyme in old leaves, nothing 
definite can thus be stated. The question of the terminal oxidase in fullgrown 
leaves has been much discussed (for a review see James 1946) but it has not 
yet been identified with certainty in any case. 


Bonner & Wildmann (1946) claim that oxygen consumption in spinach leaves is 
mediated by polyphenoloxidase. Although it is possible that this is the case (cf. the 
investigations of Sreerangachar, 1942, with tea leaves), their evidence is not con- 
vincing. Their main argument is that respiration is inhibited by p-nitrophenol and 
that this inhibition is stronger than that with o-nitrophenol. As the normal substrate 
for the polyphenoloxidase apparently is an o-phenol (cf. the use of catechol for 
activity measurements) the reverse result should be a more valuable support for 
the hypothesis in question. Further it should be mentioned that p-nitrophenol seems 
to be an inhibitor of a rather general effect upon oxygen consumption and that it 
probably reacts with several enzymes. The present author has tried its effect upon 
different plant organs (roots and leaves) and a strong inhibition of oxygen con- 
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sumption was always found. It should be especially stressed that oxygen consumption 
in carrot root tissue was inhibited. Marsh & Goddard (1941) showed that oxygen 
consumption in carrot roots is inhibited by CO and that the inhibition is reversed 
by light. (Copper enzymes do not react in this way.) It is thus most probable that 
p-nitrophenol inhibits also other enzymes than polyphenoloxidases. 


The stimulations obtained in old leaves after addition of sodium azide 
and 2,4-dinitrophenol may be of the same nature for the two agents. In 
neutral solutions the concentration of the undissociated acids is very low 
(pK for hydrazoic acid=4.7, for 2,4-dinitrophenol=3.3). Both are known 
to stop some phosphorylation processes in concentrations that do not affect 
oxygen consumption (Ronzoni & Ehrenfest 1936, Pickett & Clifton 1941, 
Spiegelman & Kamen 1946, Spiegelman, Kamen & Dunn 1946, Loomis & 
Lipmann 1948) and it has been proposed that the stimulating effect of 2,4- 
dinitrophenol, for instance in yeast, is connected with this phenomenon. Ii 
should lead to an accumulation of respiratory substrates and increase 
respiration without increasing synthesis. 


Summary 


In young carrot leaves 0.001 M sodium azide inhibits oxygen consumption 
both at pH 4.5—5.0 and pH 6.5—7.0. 0.001 M 2,4-dinitrophenol inhibits at 
pH 4.5—5.0 but stimulates at pH 6.5—7.0. 

In old carrot leaves both 0.001 M sodium azide and 2,4-dinitrophenol in- 
hibit oxygen consumption at pH 4.5-—5.0 but stimulate at pH 6.5—7.0. 

0.001 M o-phenanthroline inhibits oxygen consumption in both old and 
young carrot leaves at pH 4.5—5.0 and pH 6.5—7.0. 

The question of the terminal oxidase in fullgrown green leaves is discussed. 
It is suggested that part of the oxygen consumption is mediated by a catalyst 
containing some heavy metal. 
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The problem of growing crops in winter in greenhouses with artificial 
light supplementing the insufficient daylight is encountered both in plant 
breeding and physiological research work. In the present investigation a 
comparison has been made between the most convenient, commercially 
available lamp types as to their value for such a purpose. The study does 
not aim at a theoretical evaluation of different light qualities — for such 
problems reference is made to Äberg (1), Roodenburg (2) and, Withrow & 
Withrow (3) — but only at a test from a practical, point-of-view. 

Incandescent lamps are less suited for such a purpose owing to their heat 
radiation, so the study was restricted to four types: a sodium lamp, a high 
pressure mercury lamp, a blended light lamp with both mercury and in- 
candescent light, and a fluorescent, »day light», lamp. The technical data 
are given in Table 1. To meet with the practical requirements each type of 
lamp had to cover the same area, 120120 cm., and they all were mounted 
at the same height of 50 cm. above the soil surface. Commercial reflectors, 


Table 1. Data of the lamps used in the experiments. — Spectral light distribution given 
in lumen for different wave length ranges. (Data obtained from Svenska A.B. Philips.) 


Wave length mp 
L t = Le Effect 
amp type 400— | 420— | 440 460 510— | 560— | 610— | 660— | watt 
420 440 460 510 560 610 660 720 
Sodium lamp — — = 110 110 | 10340) 220 220 140 
Mercury » 1 60 5 70 | 5330 | 4460; 70 50 265 
Fluorescent » 0,285 | 8,36) 11,4 | 171 855 684 | 159,6 5,7 40 
Blended light » 0,5 20 10 155 | 2240 | 2055 | 470 50 250 
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Fig. 1. The light distribution under the different lamps. The figures denote light intensity 

in per cent of the maximal one. Curves are drawn for each 10 per cent. The broken line 

shows the outlines of the reflectors. Only one half of each plot has been drawn. — 
A: sodium lamp. B: mercury lamp. C: fluorescent lamp. D: blended light lamp. 


fitting the respective lamps were likewise used. All corrections for different 
effects of the lamps and scattering of the light were intentionally omitted, 
but these differences are included in the evaluation of the lamp types. Such 
an experimental plan seemed best suited to answer the question of which 
lamp could be recommended for routine use in research studies. 

All lamps were of Philip’s make, and placed at our disposal through the 
courtesy of Svenska A.B. Philips, to which we wish to express our appre- 
ciation. The technical designations of the lamps are: sodium lamp (S.O. — 
1000), mercury lamp (H.O. — 250), blended light lamp (M.L. — 500), and 
fluorescent lamp (T.L. — 40 w day light). The light distribution from the 
lamps was carefully measured by means of a photo-cell, and it is shown 
graphically in Fig. 1. The most even distribution was, of course, obtained 
with the fluorescent lamps, which were mounted 5 tubes together in a rec- 
tangular reflector 50125 cm. The size of the reflector is a disadvantage as 
it takes away considerable amount of the natural light, but this can be 
avoided by means of not too elaborate technical arrangement. 

The greenhouse experiments have been carried out at the Plant Breeding 
Institution, Weibullsholm, the laboratory tests at the Botanical Laboratory, 
Lund. 


Material and technique 


In order to obtain a general picture of the growth effect of the different 
lamp types, three very different crops were chosen as experimental materials. 
They were: oats (Weibull’s Trio), pea (Weibull’s Apollo), and lettuce (Wei- 
bull’s 131). Oats and pea were.sown on Nov. 17, when also the lettuce 
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Controls Controls 


Fig. 2. Plan of the experiments, Detail showing 10 whole boxes, 40X120 cm., each with 
two crops. L—Lettuce, O=Oats, P—Pea. S denotes blinds separating the control boxes 
from the illuminated plots. 


seedlings were planted into wooden boxes, 12040 cm. One half of each 
box was sown with each of the crops, or 30 pea, 30 oats, and 15 lettuce 
plants. Artificial illumination was given daily from 6—8 o’clock and from 
16—22 o’clock from Nov. 21 until Feb. 12. 


Each illuminated plot comprised three boxes, placed side by side, thus occupying 
a surface of 120X120 cm., on which the three parallels of each crop were evenly 
distributed as shown in Fig. 2. Between the test plots pairs of non-illuminated 
boxes were placed as controls. The soil was a light, sandy muck soil, with moderate 
amounts of artificial manure. 

Between the illuminated and the control plots black blinds were arranged, which 
were drawn during the hours of illumination, thus protecting the control boxes 
from the additional light. From 8 to 16 o’clock the whole set received full day light. 
The plots were arranged in one row in S-—N direction in the middle of a green- 
house, heated in the usual manner. Even with the blinds drawn the plots were 
continuously open towards E and W. Since the control plots were narrower than 
the illuminated ones (cf. Fig. 2) this arrangement introduced an error, insofar as 
these became more shadowed against day light during the illumination hours. This 
error. should be negligible, however, since the morning and afternoon light, on 
the whole, is very scarce in the winter months. — The entire experiment was 
carried out in duplicate in two different greenhouses during the winters of '46—'47 
and ’47—’48. All data given in this paper refer to the second season’s experiment. 
The first year some different types of fluorescent lamps were also compared; the 
differences were small, but the type included in the second year’s experiments 
was slightly superior. 


This experiment was harvested on Feb. 12, 80 days from the start, when 
the pea was flowering, the lettuce forming heads and the oats had attained 
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a height of 45—50 cm. The non-illuminated plots were greatly delayed, the 
plants pale and badly developed. 


The temperature of the green houses 


Special attention had to be paid to the air temperature which could not 
be held constant, but which was continuously recorded. The heat produc- 
tion was thus incorporated into the experimental results. 


Only the blended light lamp produced heat to any significant degree. This may 
have contributed to the increased growth in length of pea and oats under this lamp. 
The soil temperature was measured at 8 o'clock, after two hours’ illumination, and 
at 22 o’clock, after four hours. A series of nine days’ recordings, Dec. 2—10, showed 
with the blended light lamp an average increase in soil temperature over the control 
at 8 o'clock of 4.2°, and 5.7° at 22 o’clock. For the fluorescent lamp the increase 
only amounted to 2.1 and 2.4° C respectively. The measurements were made at the 
points of the highest radiation, and thus denote maximum figures. 

In order to state the daily fluctuations of the air temperature measurements were 
made hourly from 6 to 17 o’clock. Fig. 3 shows one typical example from Dec. 12. 
The maximum temperature was recorded under the blended light lamp. The most 
constant air. temperature was found above the control plots with a rise of only 
1° at 7 o'clock owing to the normal heating of the house in the morning hours. 
The average air temperature of the green houses outside the experimental plots is 
shown in Table 2 for the whole experimental period. The maximum temperature 
recorded at 6 o’clock amounted to +15°, at 11.30 o’clock to +24°, and at 22 o’clock 
to +15°. The minimum readings were respectively +2°, +6°, and +4°C. 


Temp 

Éd ON MN We ML ? 

18: Light Pi Re ae: TL Light_ 
House 


Fig. 3. The daily variation in air 
temperature under the different lamps. 4. 
Data from Dec. 12. ’47. ML: blended 
light lamp, TL: fluorescent lamp. 
House: greenhouse outside the experi- 40° 


mental table. Control: above the con- 
trol plots. Time 6 8 10 42 ih 46 


Table 2. Average air temperature. 


Greenhouse 1 Greenhouse 2 
Month 
6h. |113°°n.| 22n. | 6h. |11%°n.| 2h. 
Nov. | 11.1 13.3 12.0 | 10.0 12.3 11.0 
9.0 12.7 10.7 7.3 12.3 9.3 
Jan. 9.0 11.5 11.1 feo 10.9 9.1 


Dec. | 


—— to 


Feb. 9.8 11.7 11.9 8.0 11.1 9.6 
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Results 


Of the lamps used in the experiments the sodium and the mercury lamp 
represent light sources of selective emission (line spectrum lamps), the for- 
mer with almost entirely yellow light at 589 my, the latter with strong lines 
at 579, 546, 436 and 405 my. The light from the fluorescent and the blended 
light lamps is more evenly distributed in all spectral regions (Tab. 1); they 
have been denoted below as continuous spectrum lamps. 

As was to be expected the two last mentioned lamps have given by far 
the best results as regards the yield of both green and dry matter of all 
three crops, although sodium and mercury light have also considerably 
increased the yield in comparison with the controls (Tab. 3, 4, and 5). 

The green weights were taken on each plant individually, and the average 
values can be compared together with their mean errors. There is no need 
for a statistical evaluation to show that the increase in yield over the controls 
is significant for all lamps, and also that there is no significant difference 
between sodium and mercury lamps or between the fluorescent and blended 
light lamps. This is especially evident with lettuce (Table 3). 

It is more difficult to interpret correctly the heights of the plants (Table 
4 and 5). Etiolation due to a shortage of light of short wave-lengths causes 
an increased stem length in pea and oats just as increased photosynthesis 
causes an improved growth. The fact that the height inereased markedly 
with all lamps indicates that the latter factor dominates, probably owing 
to the comparatively high content of light of short wave-lengths in the scanty 
winter daylight. 

The ratio, stem weight: length, is a measure of the stem strength. The 
differences as shown in Tables 4 and 5 are not great, but the fluorescent 
lamp is superior for both crops and the blended light lamp for pea. The 
higher figures for mercury than for sodium lamps indicate the importance 
of the shorter wave-lengths. An interesting feature is the significantly less 


Table 3. Weights and other properties of lettuce at harvest. 


en. 


Dry weight 
| | Carbohydrates = 
| I ‘ Eresh weight) cr ns GRESTOHBSN (as hexose) Dori de 
‚amp type g per plant | 00 of Re rete per g mmol per £ mgat per g 
fresh | inet ry matter dry matter dry matter 
weight 
None 1.76 + 0.47 | 4.79 0.084 52 | 0.045 0.29 
Sodium lamp | 8.24+0.47| 4.58 | 0.377 62 | 0.086 0.30 
Mercury » 7.51 + 0.43| 4.33 0.325 65 0.57 0.28 
Flourescent » 12.64 + 0.50 | 4.25 0.537 80 0.47 0.30 
Blended light » |12.72 + 0.62| 4.10 0.522 84 | 0.070 0.30 
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leaf production in relation to the stem growth with the blended light lamp 
as compared with the fluorescent lamp. The higher leaf production may be 
regarded as more favourable, both as regards dry matter production and 
seedsetting. No difference in flowering was observed between these two types 
of light, but both were highly superior to the other treatments in this respect. 

One nutrient factor seems to have disfavoured the blended light lamp. 
Tables 4 and 5 show that the nitrogen content is lower with this lamp than 
with all others and the chlorophyll content closely parallels the nitrogen 
content in the series with additional light. Simultaneously the content of 
reserve carbohydrates is markedly higher. The plants under the blended 
light lamps offer the general symptoms of a slight shortage of nitrogen. 
The soil was not heavily manured and apparently under the blended light 
the plants could have utilized more nitrogen. It is permissible to assume 
that the nitrogen supply limits the growth with this lamp, which must be 
borne in mind in judging the value of this treatment. No theoretical discus- 
sion of this fact is justified at present. The nodulation of the pea roofs was 
not studied. 

With lettuce, on the contrary, the nitrogen contents are very even, but 
the chlorophyll contents rise rapidly especially under the continuous- 
spectrum lamps. The content of starch varies extremely down to very low 
figures. Strong daily fluctuations must be considered here, but, nevertheless, 
it seems pertinent to assume that with this crop the optimal light climate 
is far from reached in these experiments. Whether lettuce requires more 
light of long or of short wave-lengths can not be decided, but in view of 
the very good results of the two continuous-spectrum lamps as compared 
with the line-spectrum lamps it may be assumed that it is more a question 
of light intensity than ot light quality. This view is also strengthened by the 
high mean error of the individual plant weights with the blended light lamp, 
under which the intensity distribution is most unfavourable (Fig. 1). With 
pea and oats there is hardly any difference between this lamp and the 
fluorescent lamp with a very even illumination. 

Thus, it may be concluded that with pea and oats the illumination by the 
continuous spectrum lamps is as nearly the optimal one as can be obtained 
under the prevailing soil nutrient conditions, but that lettuce eould have 
utilized a still higher light intensity, which, however, is technically difficult 
to obtain in large-scale experiments. Better manuring of the soil might have 
favoured the blended light lamp, but, on the other hand, the more even 
light distribution under the fluorescent lamp is an obvious advantage 
especially in research work. For laboratory equipements, e.g., in climate 
chambers, the fluorescent lamp ough to be far superior to the other types. 

The connection between the light qualities and the nitrogen utilization 
will be made the subject of a special investigation. 
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Summary 


A series of investigations has been carried out under normal greenhouse 
conditions in order to compare some commercially available lamp types as 
light sources for crop production in winter. The study has aimed at only 
a practical result for plant breeding and physiological research work. 

The lamps tested were of Philip’s make: sodium, mercury, fluorescent 
(day-light), and blended light lamps. The crops tested were pea, oats, and 
lettuce. The lamps were adapted in commercial reflectors. 

Only the blended light lamp produced heat sufficient to cause a signi- 
ficant rise in soil and air temperatures. All lamps increased considerably 
the growth of the three crops, which had especially good growth under the 
blended light and fluorescent light lamps. The latter can be recommended 
for practical use in greenhouse illumination as well as in laboratory 
equipement. 

Analyses for carbohydrates, nitrogen and chlorophyll of the crops at 
harvest indicate that the two last mentioned lamps gave a very favourable 
development of pea and oats, but that the lettuce could have utilized higher 
light intensities. 
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I. Introduction 


Of the physiologically deviating mutants isolated in Ophiostoma multi- 
annulatum, those requiring guanine offer a particular interest from different 
points of view. Whereas hypoxanthine-, adenine-, and uracil-deficient mutants 
have now been found in rather many species of fungi and bacteria, guanine- 
deficient mutants seem to be great rarities, and, as far as I know, only isolated 
in Ophiostoma. This fact does not necessarily imply, that mutations of this 
type occur at a particularly low frequency, it might also be the consequence 
of a generally used but for this purpose unsuitable isolation technique, which 
prevents the growing out of guanine-deficient mutants. This possibility of 
interpretation will be more thoroughly discussed in the following. 
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Several reasons have lead to this investigation of the effects of different 
purines and purine nucleosides on the growth of the guanine-deficient 
mutants of Ophiostoma multiannulatum. Firstly, the possibility exists that 
facts are brought to light which can elucidate some traits of the physiological 
rôle of the purines, and the pathway of their biosynthesis. This last-men- 
tioned question will be dealt with more profoundly in other connections. 
Then, it is necessary to make clear the response of these guanine-deficient 
mutants to different nucleic acid components if the former are to be tried 
as test objects in quantitative determinations of guanine. This seems to be 
the more urgent as no biological — or even any — micro method for a 
guanine assay is available at present. 

Although the guanine-deficient mutants are the chief objects of this 
investigation, I have considered it valuable in some instances to compare the 
reaction patterns of these mutants with those of the hypoxanthine- and ade- 
nineless ones, and therefore a few experiments with these latter types of 
mutants will also be described and discussed. 


II. Materials and methods 


Four guanine-deficient mutants have been isolated in Ophiostoma multiannu- 
latum, viz. Nos. 848, 1365, 1370, and 1377, all of them after irradiation with x-rays 
and by the aid of enrichment techniques. No. 848 was obtained from an ascospore 
in January 1945, the others from conidia in May 1946. All have been kept alive 
through repeated reinoculations on so called »complete agar media» of a composi- 
tion purposely varied. 

When a more thorough investigation into the physiology of these mutants was 
started in the spring of 1948, it was noted that Nos. 1370 and 1377 had obviously 
changed their physiological characters during the past two years. Both of these 
mutants now required not only guanine but also hypoxanthine (or adenine) for 
growth, a fact evidently being the consequence of spontaneous mutations having 
occurred (see p. 82). 

In some experiments two other x-ray induced mutants of quite another sort have 
been studied, namely the hypoxanthine-less No. 870 and the adenine-less No. 1174. 
The former was isolated in January, the latter in December 1945. 

The growth was originally determined by weighing the amounts of mycelium 
formed in flasks with a liquid nutrient solution. Later on, however, I went over to 
a photometric registration of the growth, the fungus being cultivated in conidial 
form in shaken culture tubes (Fries 1948b). In the presence of inositol in the 
nutrient solution (100 pg per tube, i.e. per 10 ml) the growth usually took place 
mainly through budding conidia. A certain tendency to form hyphae was inherent 
in some strains, which consequently were less suitable for a photometric determina- 
tion of the growth. This was valid for No. 848, and to a less degree, No. 1370, 
among others. In most of the experiments described in this paper No. 1365 and 
No. 1377: 42 were used, the latter being a guanine-less daughter mycelium from a 
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crossing between the wild type mycelium No. 3 and the guanine-less (later hypo- 
xanthine-guanine-less) mutant No. 1377. 
The nutrient solution, modified medium 3, had the following composition. 


Glucose (Coleman & Bell Co., C.P.) ........ Let Meter PER TASSE 20 g 
NH,-tartrate (C. P. Baker's »Analyzed») ... „nun. 00 ua nern a ue 
Asparagine (Kebo,.Stockholm) ..,,:.........e.. ausm ua nee see ne 1 g 
KH,PO, (GC. P. Baker s »Analyzed») ©. <4 sues 00. 22 u en 1 g 
MgSO, 7 H,0 (Kahlbaum, pro analysi) . .......................... 0.5 g 
NaCl (Kahlbaum, pro analysi) ...... rs Ces SENS CRM ARR ee. 0.1 g 
CaCl, (Kahlbaum, pro analysi) .......:.:.:............44u eee eee 0.1 g 
ZnSO, 7H,0,(Merck,. pro analyse Sensation: saa: ao eae 4.43 mg 
MnSO, 4 H,0 (Kahlbaum, pro analysi) . .......................... 4.05 mg 
FeCl, 6 H,0 (Kahlbanm, pro analysi) .. 2... ..- 2..." 4.00 mg 
Thiamin (Hoffmann-La Roche, Basel) . ............................ 100 ug 
Pyridoxin (Hoffman-La Roche, Basel) . ............................ 100 ug 
Tnositola(Kahlbaum) 232.3: Au. aa a FIAT ET oe: FE IRRE 10 mg 
Distilled, water. jas Dar ss ae ee Een Eee eee 1000 ml 


In preparing this medium 800 ml of water have usually been added instead 
of 1000 ml, as stated above. Each tube was provided with 8 ml of this more con- 
centrated solution. One ml of water containing a certain quantity of guanine, 
guanosine, or the substance under test, was then pipetted to each tube. The tubes, 
plugged and sterilized by autoclaving, were finally inoculated by adding to each 
tube 1 ml of distilled water containing 2 million (in a few cases 1 million) conidia 
of the strain, which was to be studied. By these additions the medium reached the 
content of water indicated above. 

The conidia for the inoculation were obtained from a 2—4 day old conidial 
culture in shaken tubes with a »complete medium» (—modified medium 3 + hydro- 
lyzed casein 0.25 °/o + malt extract (Vitrum, Stockholm) 2.5 °o + yeast extract 
(Difco) 0.25 °o). This conidial culture was filtered through cotton wool to get 
eventually present hyphae removed, and was then washed with distilled water by 
centrifuging it three times. The final suspension was diluted untilt it contained 
2 million conidia per ml, and could then be used as an inoculation material. All 
cultures were run in triplicate. 

The conidial production in the shaken tubes was measured photometrically every 
day or, in some experiments, with longer intervals. The photometer was the one 
used by Rodhe (1948), and in agreement with this author I express the extinction 
value according to the formula, Z=(e,—e,) X 10%, where (e,—-e,) *3 the dif- 
ference between the extinction value of the culture tube during the experiment and 
that of the tube immediately after the inoculation. The tubes were made of Jena 
glass, 155 mm long and with an inner diameter of 18 mm. 

Since the average size of the conidia in growing cultures gradually decreases in 
course of time, no correlation exists between number of the cells and the extinction 
value of a culture. On the other hand, a correlation could be established between dry 
matter production and extinction, although this correlation was no very close one, 
and not the same in all experiments and with all strains. Approximately, however, an 
extinction value Z=100 corresponds to c. 0.6 mg of dried conidia. 


The purine compounds used for quantitative experiments were obtained from the 
following sources. 
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Guanine: Lemke (Lot No. Gu 4502). Recrystallized from a dilute solution of 
sodium hydroxide to which 1/3 volume of ethyl alcohol was added. When the solu- 


tion was acidified with acetic acid, the base separated in crystals (Horbaczewski 
1897). 


Xanthine, hypoxanthine and adenine: Hoffmann-La Roche, Basel. 


Isoguanine (—oxyadenine): as sulphate, a synthetic preparation kindly provided 
by Prof. S. Bergstrôm, Lund. 

Guanosine: Hoffmann-La Roche. Twice recrystallized from water. 

Adenosine: A very pure preparation obtained through the courtesy of Prof. 
E. Hammarsten, Stockholm. In experiments where a high degree of purity was not 
necessary a commercial preparation from Hoffmann-La Roche was employed, con- 
taining traces of guanosine (or guanine) as a contamination. 


III. Genetic data 


A regular genetical analysis of the four guanineless mutants, primarily 
involving tests for allelism, has as yet not been carried out. It appeared that 
such an investigation encounters rather great difficulties. Unlike most 
mutants of Ophiostoma the guanine-less ones seem disinclined to form peri- 
thecia when combined with one another. In combinations with test mycelia 
of wild type, on the other hand, they usually produce perithecia, and by 
such experiments it has been possible to establish that the character, 
»guanine-less», is actually heritable and consequently a mutation, probably 
a gene mutation. 

The mutants in question also form fruit bodies in crossings with mutants 
of other physiological types, Table 1 showing the result of a combination 
between No. 848 (—), guanine-less, and No. 636 (+), hypoxanthine-less. 
All the eight theoretically conceivable types segregated in f,, and thus auxo- 
autotrophs (+ and —) were obtained, as well as guanine-hypoxanthine- 
heterotrophic strains (+ and —). 

The spontaneously originated. hypoxanthine-heterotrophy in Nos. 1370 and, 
1377 has been analysed. No. 1377 was crossed to No. 3 (—), wild type, and 
43 1-ascospore mycelia in f, were isolated and studied. It turned out that the 
guanine-hypoxanthine-heterotrophy in No. 1377 was conditioned by two in- 


Table 1. The result of a cross between No. 848 (—), guanine-less, and No. 636 (+), 
hypoxanthine-less. 


Number of isolated l-ascospore mycelia in f, 


4 = Hypoxan- SS 

Tel Wild type | Guanine-less tiineclase th oe 
| Sree Se aes eee ee 

| 32 | 2 | 1 | 5 | 3 | 9 1 | 5 | 6 
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Table 2, The result of a combination between the mutant No. 1377 (+), assumed to be 
a guanine-hypoxanthine-less double-mutant, and the normal test strain No. 3 (—). 


Number of isolated l-ascospore mycelia in f, 

| à Hypoxan- Guanine- 
N Wilde type | Guanine-less ihine-less en 

ee, BE rn es eier 
43 | 15 | 16 | 2 | 3 | 3 2 2 | 0 


dependently segregating genes. Of the eight possible segregation products 
all were obtained except one, viz. guanine-hypoxanthine-less (—) (Table 2). 
The auxoautotrophic mycelia represented the great majority, probably 
because the ascospores of this type germinated faster than the others, and 
therefore were isolated in the first place. 

No. 1370 has not been analysed in this manner, but there is every reason 
to assume that the genetical conditions of this strain is essentially the same 
as in No. 1377. 

It is of course very strange that a spontaneous mutation to hypoxanthine- 
heterotrophy should occur in two of the four available guanine-less mutants. 
The interesting point is not so much the fact that the mutations took place 
spontaneously — such spontaneous mutations certainly occur in all mycelia, 
in mutants as well as in wild type strains, — but rather the fact that the 
resulting double mutants forced out the mother strains in question. This is, 
however, not quite unprecedented. As I have briefly mentioned in another 
paper (Fries 1949), a strain of an originally solely adenine-deficient mutant, 
No. 1542, when reinvestigated after three years of cultivation on complete 
media, turned out to constitute an adenine-biotin-deficient mutant. Even in 
this case the double mutant seemed to be more capable of competition than 
the adenine-less mother strain. 

Since no attempt has been made to analyse the mechanism of interaction 
between these spontaneous mutants and their parents in mixed cultures, 
further comments are unwarranted. A few analogous cases have recently been 
reported in Neurospora crassa (Ryan & Lederberg 1946, Ryan 1946) and in 
bacteria (Roepke, Libby & Small 1944, Ryan & Schneider 1948); a final 
elucidation of the phenomenon is, however, still lacking. 


IV. The effect of guanine and guanosine 


By the identification procedure, to which all mutants are subjected after 
their isolation, it was established that Nos. 848, 1365, 1370 and 1377 were 
not capable of growing in modified medium 3 with any of the vitamins 


i 
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Fig. 1. Growth (extinction values, 
Z) of No. 1365, guanine-less, in 
shaken tube cultures with different 
amounts of guanine (ug per tube). 


Time in days 


(inositol, thiamin, pyridoxin, pantothenic acid, nicotinamide, biotin, p-amino 
benzoic acid, lactoflavin, or folic acid) or amino acids added. Nor was any 
growth obtained with hydrolysed casein. When various nucleic acid consti- 
tuents were tested, it turned out, however, that guanine, guanosine, and 
guanylic acid gave a positive effect. All other purine or pyrimidine com- 
pounds tested were inactive, viz. hypoxanthine, adenine, xanthine, uric acid, 
isoguanine (oxyadenine), caffeine, theophylline, theobromine, adenosine, 
crotonoside, adenosine-3-phosphate, uracil, cytosine, thymine, uridine, cyti- 
dine, uridylic acid, and cytidylic acid. 

Several experiments showed that guanine as well as guanosine, when con- 
stituting the limiting factor in the medium, exert a quantitative effect on the 
growth. This means that a maximal extinction value (Z,,,,.), somewhat dif- 
ferent in different experiments, is attained, proportional to the added 
quantity of guanine or guanosine. Fig. 1 shows some growth curves obtained, 
when No. 1365 was cultivated with 0, 3, 10, 30, and 100 wg guanine per tube. 
The courses of the curves indicate that growth after a certain time ceases 
owing to a lack of guanine, and this demonstrates that the capacity of syn- 
thesizing this substance is insufficient or perhaps completely lacking ir 
No. 1365. In other experiments with No. 1365 as well as with the other 
guanine-less mutants, where the growth was followed during a long space of 
time, it turned out, however, that the growth curves, especially with com- 
paratively big quantities of guanine, showed a tendency to rise again, 
although slowly (see Fig. 6). This may possibly indicate that the ability to 
synthesize guanine is not completely lost, but perhaps still maintained through 
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some less effective, »substituting» system. Another possible explanation would 
be that new conidia in this last phase of growth are produced at the same 
time as old conidia die, the guanine necessary for growth being taken from 
these last ones. 

The production (dose-response) curve is almost rectilinear up to c. 30 ug 
guanine per tube. This can be seen on Fig. 2, where the maximal extinction 
values obtained in some experiments are plotted against the quantities of 
guanine used. It looks as if the guanine is utilized with a quite different 
effectiveness in different experiments. This may merely be apparent, owing 
to the imperfection of the photometric method. Approximately, however, 
10 wg guanine produces c. 1 mg of conidial mass (dry weight). 

With graded dosages of guanosine growth curves were obtained of 
essentially the same shape as with guanine, but growth starts more slowly, 
and somewhat higher Z „, "values are attained with equimolar quantities. 
This can be seen in Table 3, where the extinction after 2, 3, 4, and 6 days 
of incubation is tabulated for tubes supplemented with different quantities 
of guanine or guanosine. In this experiment Nos. 1365 and 1377: 42 were 
used as objects. Unfortunately, the former strain started to grow rather 
irregularly, and, therefore, the extinction values after two days’ growth had 
to be omitted. To judge from direct ocular examination, however, the early 
course of development was the same in this case as in No. 1377: 42. The 
growth was there after 2 days considerably heavier in the tubes with guanine 
than in those with guanosine (Z anosine/Zguanine = 0-4—0.8). As soon as during 
the next day an equalization occurred, and then the production of conidia with 
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Table 3. Growth (extinction values, Z) of the guanine-less mutants No. 1365 and No. 1377: 


42 in shaken tubes with different amounts of guaniné or guanosine. 
tls 


Strain tested No. 1365 No. 1377: 42 
Incubation time in days 2 3 | 4 6 2 | 3 4 6 
RS Br ER | - ee fe 9e | 
Extinction values, Z 
| Guanine, 0.1 pmol ..... nnenines — 202 207 297 172 | 192 212 267 
Samos ES nues — 351 373 523 | 217 s 373 412 483 
D a PINON Ne — 705 794 979 — | 705 794 932 
DT mol. see — 1012 | 1199 | 1267 | 645 ; 1217 | 1284 | 1446 
L DR LOMBONMOS- ee — 1365 | 1468 | 1618 | 513 | 1513 | 1645 | 1756 
' Guanosine, 0.1 pmol ............ — 244 267 344 | 115 | 233 239 344 
| > DEMO excess ee — 605 631 814 | 177 493 580 705 
» Te ES acc — 1068 | 1134 | 1304 | 141 881 | 1018 | 1208 
» fe toe MMOL secs — 1404 | 1573 | 1556 | 267 1235 | 1412 | 1580 
l » #102 nol 27... — 1580 | 1721 | 1814 | 297 1351 | 1674 | 1756 
Lgvanosine! “Guaniax 
Ons emoll 0 1eHmol nn. — 1.2 1:3 122 0.7 12 12 1.3 
0:.3.2.m01/20.3.2mol u... — 1157) 107 1.6 0.8 1.3 1.4 1.5 
M EMOL eds) spimol 2-5 ess — 1.5 1.4 153 — 1.2 1.3 1.4 
SR NANO 3 Mol. 4.2, sense saa — 1.4 1.3 127 0:4 1.0 1.1 1.1 
107 1mol/10 }imol:....-......... — 1.2 12 1.1 0.6 0.9 1.0 1.0 


guanosine surpassed that with equimolar amounts of guanine. In the series 
with 10 „mol only, the difference was insignificant or none; here other 
factors seem to limit the growth. If the maximal extinctions be compared, 
it appears that guanosine within the rectilinear part of the production curve 
yielded 20—60 °/o higher values than guanine. 

Summing up the results of this last experiment it can be assertained that 
the growth of the guanine-less mutants is initiated faster with guanine than 
with guanosine (on a molar basis), but the latter compound gives higher 
maximal extinction values and is consequently utilized more effectively. 

It might be of interest to compare the reactions, now described, of the 
guanine-less mutants to guanine and guanosine with the reactions of hypo- 
xanthine- and adenine-less mutants to hypoxanthine and adenine. Both of 
these two last-mentioned types reacted quantitatively (see Fig. 8 in Fries 
1948 b), and some of the hypoxanthine-less as well as all of the adenine-less 
mutants were evidently incapable of synthesizing these purines, at least in 
amounts sufficient for growth. In Fig. 3 a number of production curves are 
drawn for different sorts of mutants and substances, to which they react. 
No. 1174 represents the type, adenine-less, that seems to utilize its source 
of purine least economically, but the production curve is very handsome and 
almost rectilinear up to 0.6 „mol adenine. No. 870, hypoxanthine-less, and 
No. 1365, guanine-less, “ake use of their particular purines almost equally 
well, producing approximately twice as much conidia with adenine and 
guanine, respectively, as No. 1174 with adenine. 
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Fig. 3. Maximal extinction values (Z,,q,,) attained with limiting amounts of adenine 
(No. 1174, adenine-less, and No. 870, hypoxanthine-less), guanine and guanosine (No. 1365, 
guanine-less ). 
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Fig. 4. Maximal extinction values (Z,,,4.) attained with equimolar amounts of hypoxan- 
thine, adenine and adenosine (No. 870, hypoxanthine-less, and No. 1174, adenine-less). 


EFFECTS OF PURINE COMPOUNDS ON OPHIOSTOMA 87 


Table 4. Growth (extinction values, Z) of the hypoxanthine-less mutant No. 870 and the 
adenine-less mutant No. 1174 in shaken tubes with different amounts of adenine or 


adenosine. 
Strain tested No. 870 No. 1174 | 
Incubation time in days 2 3 4 5 2 3 4 5 
Extinction values, Z 

Adenine, 0.1 MOI... 96 118 136 158 50 50 50 50 
> RO DEMO ee 138 360 422 455 | 230 255 269 261 
er me LUM OLITI OL re". 180 595 758 836 | 430 630 666 652 
» Seen) YO) PE ee 214 780 1190 | 1311 630 | 1160 | 1209 | 1221 

> LOTTO esse. 259 926 — — 880 — — — 
Adenosine, 0.1 pmol ............ 95 158 177 187 16 39 119 132 
> 3 URBAN TOE 212. 83 337 473 503 29 145 351 396 
> pee LIN Ol mete se | 166 738 1100 | 1136 53 402 835 881 
» 30a ltmol Ye. en 163 721 1374 | 1568 | 123 794 | 1493 | 1580 

» Se) Lens 201 774 | 1412 | 1738 | 273 1412 | 1932 — 

Zridendeinelradentne 

OMEnmOL RO 1 Emo. lO 123 1.3 172 0.3 0.8 (2.4) | (2.6) 
Orsepmolie0-3 molar. 0.6 1.0 11 la 0.1 0.6 1:3 1:5 
Issstmol/ilsı mol er te 0.9 142 145 1.4 0.1 0.6 1.3 1.4 
SIMO MES mol: 0.8 0.9 1.2 11 0.2 0.7 162 1.3 
ÉOMPEMO TION AMOR. 0.8 0.8 — _ 0.3 — = — 


In mutants of Neurospora crassa similar conditions have been reported. 
According to Mitchell & Houlahan (1946) adenine-less Neurospora No. 44206 
produced a considerably less amount of mycelium than did the hypoxan- 
thine-less No. 28610 with the same quantity of adenine. 

If the effect of hypoxanthine or adenine is compared with that of adeno- 
sine (inosine was unfortunately not available) on appropriate mutants of 
Ophiostoma, the result is rather similar to that described above for the 
guanine-less mutants grown with guanine or guanosine. Thus, on a molar 
basis, No. 870, hypoxanthine-less, as well as No. 1174, adenine-less, give 
higher Z „., "values with adenosine than with the free purine bases (Fig. 4). 
The effect of adenosine-3-phosphoric acid (not shown in the figure) is essen- 
tially the same as that of adenosine. As can be seen from Table 4 the growth 
during the two first days is also in these cases faster with the purines than 
with the riboside. This is particularly striking in the case of the adenine-less 
No. 1174. 

Pierce & Loring (1945) did not observe any difference between adenine and 
adenosine as to the growth-promoting effect in their experiments with hypo- 
xanthine-less Neurospora crassa. The method employed was, however, quite 
different from mine, in so far as they studied the growth rate on agar with 
various purine compounds added. Under such circumstances, the above. 
mentioned difference in response could hardly be observed. 

As to all the investigated purine-deficient mutants of Ophiostoma, the 
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difference is, however, relatively inconsiderable between the effect of free 
bases and that of corresponding nucleosides. In the so called uracil-less 
mutants of Ophiostoma (Fries 1946) — as well as of Neurospora (Loring & 
Pierce 1944) — this difference is much greater, in so far as the base is only 
with difficulty (in the case of uracil) or not at all (in the case of cytosine) 
assimilable. 


V. Interactions between guanine and other purines 
1. Preliminary experiments 


As earlier shown by Loring & Fairley (1948) in hypoxanthine-less Neuro- 
spora, and by Fries (1948 b) in hypoxanthine-less and adenine-less Ophio- 
stoma, the amount of mycelium or conidia produced with a certain quantity 
of adenine will in these mutants be greater if guanine also is added. Loring & 
Fairley (l.c.) found that the maximal effect, an increase in the mycelial 
production with c. 70 °/o, was approximately attained even by a ratio guanine/ 
adenine equal to 0.75. A higher ratio gave no significant increase in the 
effect. 

In experiments with Ophistoma No. 870, hypoxanthine-less, I have 
now found that the effect of guanine upon a hypoxanthine-less mutant is 
very different if the growth of this mutant is supported by hypoxanthine or 
by adenine. If hypoxanthine is used, guanine has a weak but distinct inhibi- 
tory effect at a guanine/hypoxanthine-ratio of 1 : 1, and a strong inhibitory 
effect at a ratio of 10:1 (Fig. 5). Only at the very low ratio of 0.1 : 1 could 
a weak, positive effect possibly be noted. If adenine was used instead of 
hypoxanthine, guanine exhibited a favourable action on the conidial pro- 
duction in all the ratios tested, the strongest effect being obtained at 10:1. 
The same held true if adenine was changed for adenosine, but the favour- 
able effects in this case were not quite so striking. 

As to No. 1174, adenine-less, nothing can be said about possible inter- 
actions between hypoxanthine and guanine, since this mutant is not able to 
grow with hypoxanthine. Cultivated with adenine or adenosine, however, this 
mutant responded to guanine in essentially the same way as No. 870 (Fig. 5). 

Depending on its concentration and what purine compound simultaneously 
present supports the growth, guanine thus exhibits either a favourable or an 
inhibiting action on the growth of hypoxanthine-less and adenine-less 
Ophiostoma. The following experiment was performed in order to find out 
whether hypoxanthine, adenine, or perhaps some other purines, exert an 
analogous effect upon guanine-less Ophiostoma. 

The guanine-less mutants, Nos. 1365 and 1377: 42, were grown in shaken 
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Fig. 5. Growth (extinction values, Z) of No. 870, hypoxanthine-less, and No. 1174, adenine- 
less, with 0.1 (=a) or 1 (=b) „mol hypoxanthine, adenine, or adenosine. In all cases 
three parallel series, with 0, 1, and 10 pmol guanine, respectively. 


tube cultures with 1 „mol guanine per tube, with or without another purine, 
1 or 10 wmol per tube. The purines tested were hypoxanthine, adenine, 
xanthine, and isoguanine, the last one only in the concentration of 1 „mol 
per tube. Fig. 6 shows the result obtained with No. 1365; the curves for 
No. 1377: 42 had almost exactly the same appearance. Adenine and xanthine 
in amounts equimolar to the present quantity of guanine exerted no effect 
whatsoever, hypoxanthine possibly a weak positive one. When 10 equi- 
valents were tested hypoxanthine and adenine inhibited the growth very 
strongly, and this effect was very slowly overcome; xanthine, on the other 
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Fig. 6. Growth (extinction values, Z) of No. 1365, guanine-less, in shaken tube cultures 

with 1 „mol guanine. Further additions in the different series: 1 (1 H) and 10 (10 H) umol 

hypoxanthine, 1 (1 A) and 10 (10 A) umol adenine, 1 (1X) and 10 (10 X) umol xanthine, 
and 1 (11G) umol isoguanine. 


hand, increased the initial rate of growth and produced a higher maximal 
value of the conidial production. Isoguanine, finally, in a quantity equi- 
molar to the amount of guanine in the medium exerted an inhibitory effect, 
not so much upon the initial growth as rather upon the rate of the sub- 
sequent growth. In this case only, the growth curve got a completely hori- 
zontal end. 

Thus, while various purines tested in additions equimolar to the present 
quantity of guanine influenced growth of guanine-deficient Ophiostoma 
little or not at all, greater amounts of these purines acted in some cases 


(hypoxanthine and adenine) retarding, in other cases (xanthine) increasing 
upon the rate of growth. 


2. The effect of xanthine 


The effect of xanthine upon the growth rate was retested in later experi- 
ments. Because of the interesting possibility of xanthine being a precursor 
to guanine, an experiment was made with Nos. 1365 and 1377: 42, in which 
various quantities of xanthine (0, 1, 3, and 10 umol) were tested in combina- 
tion with 0.1 or 1 wmol guanine. In the series with 1 „mol guanine no posi- 
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tive effect of xanthine could be observed this time. In the series with 0.1 
vmol guanine only (Fig. 7) 1 „mol xanthine gave no effect, and 3 „mol 
a very weak one (in No. 1377: 42), but 10 wmol exerted a surprisingly strong 
action, the production of conidia being increased 3 to 4 times. 

Peculiarly enough there did not seem to exist any proportionality between 
the concentration (absolute, or in relation to guanine) and the effect of the 
xanthine. Otherwise it could have been possible to explain the effect as being 
merely caused by a certain percentage of guanine present as a contamination 
in the xanthine preparation used. Now such an explanation does not seem 
very likely. Since such great amounts of xanthine had not been tested before 
without the presence of guanine, it appeared desireable to perform an experi- 
ment with xanthine alone added to the medium. 

In this experiment the conidia for inoculation were taken from the above 
mentioned series with 10 „mol xanthine+0.1 „mol guanine, since one might 
suppose these conidia to be particularly adapted to xanthine. 1 wmol and 10 
umol xanthine were tested with and without a simultaneous addition of 0.1 
umol guanine. With guanine and 10 umol xanthine good growth was obtained 
as in the last mentioned experiment, without guanine ne growth occurred. 
This means either that the xanthine is actually assimilated and a minute 
quantity of guanine is necessary for »sparking», or that the xanthine without 
being assimilated in some way, so far unknown, exerts a sparing action. 
A decision must be put off for the future. 


3. The effect of hypoxanthine and adenine 


In order to get an insight into the effect of hypoxanthine and adenine 
upon guanine-less Ophiostoma with regard to the time factor, an experiment 
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Fig. 8. Growth (extinction values, Z) of No. 1365, guanine-less, in shaken tube cultures 
with 1 umol guanine and different amounts of hypoxanthine or adenine. The extinction 
was measured after 2, 3 and 5 days. 


was made with No. 1365. In this, different quantities of hypoxanthine or 
adenine were administered to the nutrient solution which in all the series 
contained 1 „mol guanine per tube. The inhibiting effect of hypoxanthine 
proved to be most pronounced during the first days (Fig. 8), later on a weak 
stimulatory action appeared in the concentration range, 0.3—3 ymol per 
10 ml. The optimal molar ratio, hypoxanthine/guanine, obviously depends 
on the incubation time, and is changed from <1 to >1 during the third to 
the fifth day. 

The inhibiting effect of adenine was also strongest in the beginning of the 
experiment when (after 2 days) as little as 0.3 „mol adenine evidently 
retarded the growth. The inhibition produced by the lower concentrations, 
<1 „mol per 10 ml, were oyercome during the first five days; 10 „mol 
adenine; on the other hand, suppressed the conidial growth permanently 
or at least for a long time (cf. Fig. 6). No favourable effect of adenine upon 
the growth of the guanine-less mutants have ever been observed. 

It may be mentioned in this connection, that adenine in the here relevant 
quantities does not affect the growth of normal wild type Ophiostoma in 
any direction. The test strain, No. 5, wild type, grew somewhat faster with 
adenine administered in greater quantities, 50—300 „mol per tube, than 
without this substance. Not until the nutrient solution was almost saturated 
with adenine could a weak inhibition be noted. 


EFFECTS OF PURINE COMPOUNDS ON OPHIOSTOMA 93 


1000 


500 


0.03 0 0.3 / J 10 0.03 Od 0.3 / J 0 


pmol hypoxonthine ymol adenine 


Fig. 9. Growth (extinction values, Z) of No. 1377, hypoxanthine-guanine-less, in shaken 
tube cultures with 1 umol guanine and different amounts of hypoxanthine or adenine. The 
extinction was measured after 2, 3, 4 and 5 days. 


The strong growth-inhibiting action produced by relatively small amounts 
of hypoxanthine or adenine in guanine-deficient mutants of Ophiostoma is 
consequently something characteristic of this type of physiological mutation, 
as distinguished from the normal wild type. 

The interactions between guanine, on the one hand, and hypoxanthine 
and adenine, on the other, appear in a very drastic way in the hypoxanthine- 
guanine-requiring double mutant No. 1377. This requires hypoxanthine (or 
adenine) as well as guanine, but the growth is. inhibited if these substances 
are supplied in wrong proportions. As a matter fact the molar ratio can in 
this case be varied only between rather narrow limits. 

Fig. 9 shows the result of an experiment with No. 1377 arranged in exactly 
the same way as that with No. 1365 described above (p. 92). Thus, the 
amount of guanine per tube was in all the series 1 ymol, the amount of 
hypoxanthine and adenine, however, was varied. The optimal ratio hypo- 
xanthine/guanine proved to be c. 3, a lower value means a lack of hypo- 
xanthine, a higher value a retarded or inhibited growth. For adenine/guanine 
the optimal ratio was after 2 days 0.3, but during the following days it was 
gradually changed to c. 2. Adenine is obviously assimilated faster than hypo- 
xanthine in low concentrations, but the inhibitory action of higher concen- 
trations is stronger. 
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300 Fig. 10. Growth (extinction values, Z) of No. 
1365, guanine-less, in shaken tube cultures with 
1 umol guanosine. Further additions in some of 
the series: 1 (1 H) and 10 (10H) umol hypo- 
xanthine, and 1 (1A) and 10 (10 A) pmol 
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VI. Interactions between guanosine and other purines 
and nucleosides 


Above I have given an account of the effect of various purines upon 
guanine-less mutants of Ophiostoma in the presence of guanine in the me- 
dium. Since the possibility has to be considered, however, that guanosine 
and not guanine is the actual intermediate in the nucleic acid synthesis, 
I thought it worth while to make a few similar experiments with this 
nucleoside instead of guanine as a constant addition to the nutrient 
solution. 

Two identically arranged experiments were performed, one with No. 1365 
and the other with No. 1377: 42. They gave completely consonant results, 
and some of the growth curves obtained with No. 1365 are shown in Fig. 10. 
Each tube contained 1 „mol guanosine and — except for the control series — 
an addition of hypoxanthine, adenine, or adenosine, 1 or 10 ymol of each. 
All these extra additions proved to exert a more or less retarding influence 
upon the growth; adenosine, however, a very weak one, manifested only 
during the two first days. As was the case in the experiments with guanine 
earlier described, adenine proved to be more actively inhibiting than hypo- 
xanthine here, too, although the growth was not definitely checked. Certain 
differences seem to exists, however: adenine is more inhibitory in the pre- 
sence of guanine than in the presence of guanosine; with hypoxanthine 
matters are the reverse. 

A few series were also performed with cytidine+1 ymol guanosine. Under 
the first two days 16 jmol cytidine repressed the growth of the guanine-less 
mutants a little, otherwise no effect could be observed. 
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VII. Discussion 


The four mutants of Ophiostoma studied in the above experiments can 
be called »guanine-less», since guanine, guanosine and guanosine-3-phos- 
phoric acid are the only substances so far found that enable the mutants to 
grow in the minimal medium. A comparison of the growth promoting activity 
of guanine and guanosine on a molar basis showed that guanine produced 
a somewhat faster initial growth; with guanosine, however, always higher 
final production values (as dry weight of mycelium or maximal extinction 
of conidial culture) were obtained. This may be interpreted so, that guanine, 
owing to its smaller molecular size, enters the cell faster than guanosine, 
and therefore initiates a rapid growth earlier. Guanosine is, however, to be 
looked upon as the form in which the assimilated guanine principally occurs 
in the cell. If guanosine is provided, instead of guanine, it can be incorporated 
direct in the nucleic acids, this perhaps being the cause of the higher 
»economical coefficient» in this case. 


The difference in response to free purine bases and to corresponding 
nucleosides seems to be essentially the same in guanine-less as in hypo- 
xanthine- and adenine-less Ophiostoma. 


The four investigated guanine-less mutants appear to behave very similarly 
from a biochemical point of view. In accordance with adenine-less mutants 
only the amino-compound but not the corresponding oxy-compound is 
assimilable. Since the existence of hypoxanthine-less mutants, capable of 
utilizing hypoxanthine as well as adenine, show that hypoxanthine (or rather 
inosine) is the precursor of adenine (adenosine), one might imagine by 
analogy that xanthine (xanthosine) would be the precursor of guanine (gua- 
nosine). As yet, however, no mutant is found capable of growing with xan- 
thine as well as with guanine. 

The effect of xanthine, appearing only when a great amount of this sub- 
stance is supplied together with some guanine, is as yet difficult to explain, 
since the experiments do not show whether xanthine is assimilated or not. 


No type of purine-deficient mutant has turned out to be capable of 
utilizing isoguanine (oxyadenine). The only effect found was a certain 
growth-inhibiting influence upon guanine-less mutants. The growth of 
hypoxanthine-less Neurospora with isoguanine, claimed by Pierce & Loring 
(1945), proved to be due to a contamination of adenine in the preparation used 
(Mitchell & Houlahan 1946). Thus, nothing as yet speaks in favour of iso- 
guanine taking part in the normal purine metabolism of fungi. 


Almost all of the nutritional mutants hitherto isolated in Neurospora and 
Ophiostoma have parallels in —- often widely different — species or races 
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of various organisms, occurring in Nature. This is valid with regard to the 
guanine-deficient mutants, too. As can be seen from the following survey, it 
is usually so, however, that the normally purine-requiring microorganisms 
are less specialized in their demands, in so far as guanine can be replaced 
by xanthine, hypoxanthine, or adenine. 


The majority of the purine-requiring organisms so far known are to be found 
among bacteria. Thus Möller (1939), ten years ago, demonstrated that the very 
exacting Streptobacterium plantarum required adenine or guanine for a good growth. 
These two purines were obviously interchangeable, but could not be replaced by 
hypoxanthine or xanthine. A strain of Steptococcus hemolyticus, Group A, on the 
other hand, needed, according to Pappenheimer & Hottle (1940), any of the purines, 
adenine, hypoxanthine, xanthine or guanine. Strangely enough, this demand existed 
only at a low CO,-pressure; if this pressure was inereased to 40 mm Hg or higher, 
the bacterium multiplied even without purines. Another lactic acid bacterium, Lacto- 
bacillus casei e, widely used in microbiological assays, also seems to react positively 
to purines (Stokstad 1941). At any rate, adenine, guanine and xanthine are included 
in the standard medium recommended as optimal for assay work with this micro- 
organism (Stokstad & Hutchings 1947). 

Studying the purine-requirements of five lactic acid bacteria, Snell & Mitchell 
(1941) found that Lactobacillus arabinosus and L. pentosus were strongly stimulated 
by adenine, although an addition of this substance was not indispensable for growth. 
In low concentrations it was effectively replaced by guanine or xanthine. Leuco- 
nostoc mesenteroides, on the other hand, had an absolute demand for guanine, and 
is consequently a microorganism parallelling the guanine-less Ophiostoma-mutants. 
Guanine can, however, to some extent be replaced by xanthine and (but poorly) by 
adenine. Streptococcus lactis, finally, multiplied only in the presence of adenine, 
which, in a certain degree, could be replaced by guanine. 

Of later investigations Pennington’s (1942) study of Spirillum serpens may be 
mentioned, presenting the very interesting fact that hypoxanthine or equal parts 
of adenine and guanine promoted growth, while xanthine was without an effect. 
The anaerobic Clostridium tetani (Mueller & Miller 1942)" requires, bésides many 
other growth factors, adenine or hypoxanthine, guanine in this case being totally 
inactive — thus a parallel to the hypoxanthine-less mutants of Neurospora and 
Ophiostoma. The purine-requiring Bacillus larvae (Katznelson & Lochead 1948) 
seems to be less specialized, since guanine and xanthine are equivalent, and adenine 
only somewhat less effective. 

Finally, there are many cases described where a bacterium is certainly capable 
of multiplication without purines in the medium, a supply of such substances, 
usually adenine or guanine, however, being more or less stimulating: Proteus Mor- 
ganii (Pelczar & Porter 1943), Acetobacter suboxydans (Landy & Streightoff 1943), 
Pneumococcus (Gibert 1944), Brucella suis (McCullough, Mills, Herbst, Roessler & 
Brewer 1947), and others. 

In very few organisms other than bacteria have purine-heterotrophies been 
found. Among the fungi I know only one case, namely Phycomyces Blakesleeanus, 
where guanine or hypoxanthine (but not adenine or xanthine) strongly stimulate 


the germination of the conidia and the development of the young mycelium (Rob- 
bins & Kavanagh 1942 a and b). 
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Table 5. A concentrated summary of the effects of hypoxanthine and adenine upon the 
guanine-less mutants of Ophiostoma in the presence of guanine or guanosine. +: growth 


promoted; —: growth retarded; —-—: growth inhibited. 
The effect of a further addition of 
Mutanbie Cultivated 
VRE with Hypoxanthine Adenine 
Low conc. (High conc. = conc. (High conc.| 
Guanine-less| Guanine + — = SR: 
Guanosine = 


Guanine is also an essential growth factor for the ciliate Tetrahymena geleii, 
according to Kidder & Dewey (1945). Xanthine has only a weak positive effect, 
and other purines seem to be inactive. This organism perhaps represents the best 
natural analogue to the guanine-deficient mutants of Ophiostoma. 


The opinion now seems to be rather generally accepted that the various 
sorts of auxo-heterotrophies are the results of mutations (cf. Lwoff 1943, 
Schopfer 1944, and others). For the origin of a heterotrophy characteristic 
of an entire species or even a genus it is from this point of view, of course, 
first necessary that such a nutritional mutation actually occurs, and further 
that this mutant under prevailing circumstances involves an increase in the 
selective value. Mutations leading to various types of vitamin heterotrophies 
are evidently rather common, and in Ophiostoma I have isolated numerous 
such mutations, spontaneously arisen (Fries 1948 a). Certain auxo-hetero- 
trophies have also been fixed as species characters in many fungi. As to 
purine-heterotrophies it is evident, however, that despite a relatively high 
spontaneous mutation frequency they have not established themselves, except 
in relatively few cases, principally in the group of bacteria. The cause is 
probably that a purine-deficiency, even if it means an advantage as to 
energy or enzyme economy, nevertheless represents a deterioration of the 
conditions of existence of most organisms, because of the difficulty to cover 
the requirements of purines from the natural substrate. The same may also 
be valid with regard to the amino-acid-heterotrophies. 

As just was mentioned, mutations to purine-heterotrophy have actually 
been isolated in several organisms: Neurospora crassa (Beadle & Tatum 
1945), Ophiostoma multiannulatum (Fries 1945), Penicillium notatum- 
chrysogenum (Bonner 1946), Saccharomyces cerevisiae (Tatum & Reaume 
1947, Lindegren & Lindegren 1947), Coprinus fimetarius (L. Fries 1948), 
Escherichia coli (Roepke, Libby & Small 1944), Acetobacter melanogenum 
(Gray & Tatum 1944), Bacillus subtilis (Burkholder & Giles 1947), and 
others. It seems justified to assume that they are rather common, at least in 
fungi. Of the three types so far observed in fungi, hypoxanthine-less, adenine- 
less and guanine-less, the two last-mentioned seem to be much less frequent 
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Table 6. A concentrated summary of the effects of guanine upon hypoxanthine-less and 
adenine-less mutants of Ophiostoma in the presence of hypoxanthine, adenine or adenosine. 
++: growth strongly promoted; +: growth moderately promoted; —+: the effect upon 


the growth weak and variable; — —: growth inhibited. 
à The effect of a further 
Mutant type Cultivated | addition of guanine 
with 
Low conc. | High conc. 
Hypoxanthine-less | Hypoxanthine) — + — -- 
Adenine + + + 
Adenosine + + + 
Adenine-less Adenine + + + 
Adenosine _- + + 


than the first-mentioned one, guanine-less being found in Ophiostoma only. 
According to my opinion it is, however, rather dangerous to draw any con- 
clusions from the relative frequency with which the different types are 
obtained in mutation experiments, since the methods employed always involve 
a certain uncontrolled selection. In the light of the experiments described 
in this paper, showing a strongly inhibiting effect of adenine (and hypo- 
xanthine) upon the guanine-less mutants, it appears very likely that the poor 
representation of this type of mutation is due to the fact that the high eon- 
tent of adenine in the »complete» medium prevents the mutated conidia 
of this sort from germinating. 

This reasoning being true, it would consequently be possible, if desired, 
to isolate greater numbers of guanine-less mutants, simply by allowing the 
conidia, after the mutation inducing treatment, to germinate in an adenine- 
free medium supplemented with guanine. 

The antagonistic interactions between adenine (or hypoxanthine) and 
guanine are interesting also from other points of view. Inhibitory actions of 
amino acids have been known for quite a long time, particularly in bacteria 
(cf. Gordon & Mc Leod 1926, and Gladstone 1939), but also in fungi (Doer- 
mann 1944, Hartelius 1946, Robbins & McVeigh 1947), where the mechanism 
of their neutralization by other amino acids has also been investigated. The 
only case of antagonism between nucleic acid constituents hitherto reported 
is, as far as I know, the observations by Pierce & Loring (1947) on uracil- 
less Neurospora, where adenosine, but not adenine, inhibits the growth in 
the presence of cytidine or uridine. The experiments with the purine-requiring 
mutants of Ophiostoma show that such interactions also occur on the purine 
level, (Table 5 and 6 give a summary of the results.) Interesting enough, the 
inhibiting action of the purines, at least in the case of guanine-less mutants, 
manifests itself also in the presence of guanosine. This renders it difficult 
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to explain the antagonism simply as a competition for an enzyme between 
structural analogues. 

A practical consequence of these findings is, finally, that a microbiological 
assay for purines by the aid of purine-deficient mutants cannot be under- 
taken, until the purines in the material under test have been separated 
from each other. 


VIIL Summary 


1. Four mutants of Ophiostoma multiannulatum have been isolated, which 
grow only in the presence of guanine, guanosine or guanylic acid. The effect 
of various purine compounds upon the growth of these so called »guanine- 
less» mutants has been studied. The mutants were grown in shaken tube 
cultures, and the conidial growth was photometrically determined. 

2. The physiological character, guanine-less, proved to be heritable, and 
from crossings with other types of mutations double-mutants were obtained. 
No crossings between guanine-less mycelia gave rise to perithecia, however, 
so the genetic identity of these four mutants could not be proved nor dis- 
proved. In two of the guanine-less strains there occurred spontaneous muta- 
tions to hypoxanthine-deficiency. 

3. The mutants responded quantitatively to guanine and guanosine. A 
comparison on a molar basis showed that growth is faster initiated with 
guanine than with guanosine, the latter compound, however, giving higher 
maximal extinction values. Similar experiments with hypoxanthine-less and 
adenine-less Ophiostoma revealed that these mutants react in an analogous 
way to (hypoxanthine or) adenine and adenosine. — Isoguanine (oxyade- 
nine) did not promote the growth of any of the purine-deficient mutants 
tested. 

4. In several experiments the interactions between different purines and 
guanine were studied. Xanthine had a strong positive effect when supplied 
in great amounts together with guanine (the xanthine/guanine ratio >30). 
Hypoxanthine, and, particularly, adenine retarded growth even in small 
quantities (equimolar to the present amount of guanine) and greater addi- 
tions completely inhibited growth. These interactions displayed themselves 
in a very striking way in experiments with a hypoxanthine-guanine-less 
double-mutant. 

5. Similar interactions appeared between various purines and guanosine. 
While adenosine was almost inactive, hypoxanthine and adenine were about 
as inhibitory with guanosine as with guanine. 

6. Finally, the results are discussed, and comparisons are made between 
purine-deficient mutants and the normally purine-requiring microorganisms 
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so far known from Nature. An explanation is forwarded as to the rarity of 
guanine-deficient mutants: mutated conidia of this type probably cannot 
germinate in many »complete media» because of the inhibitory action of the 
adenine present. | 


This work has been supported by a grant from the Swedish Natural Science 
Research Council. The author is indebted to Miss Anna Panders for valuable 
technical assistance. 
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As a rule litter decomposing hymenomycetes attack both lignin and cellu- 
lose (Lindeberg 1944, 1946). Probably these substances are completely de- 
composed by the fungi and used by them as energy and carbon sources. 
Furthermore it has been proved that, generally, lignin decomposing hymeno- 
mycetes form the enzyme catecholase, whereas this enzyme is not produced 
by species which are unable to attack that substance (Bavendamm 1928, 
further references by Lindeberg 1948 a). Catecholase catalyzes the oxidation 
of o-diphenols. Since lignin contains units closely related to the o-diphenols 
it is an interesting task to investigate whether lignin decomposing hymeno- 
mycetes are also able to utilize simple o-diphenols as sources of energy and 
carbon. 

In previous papers Lindeberg (1948 a, b) has shown that catecholase is 
formed as an extracellular enzyme by litter decomposing hymenomycetes 
growing on synthetic nutrient solutions. In the present work the influence 
of catecholase from Marasmius foetidus on gallic acid has been studied as 
well as the question of whether this fungus can utilize gallic acid as a source 
of energy and carbon. 


Materials and Methods 


Test organisms. Pure cultures of Marasmius foetidus Fr. and Boletus 
variegatus Fr. were used. 

Nutrient solutions. In those experiments where the effect of Marasmius 
foetidus on the extinction of gallic acid was studied the following nutrient 
solution was used: 

A. Glucose 20 g, asparagine 1.5 g, KH,PO, 5 g, MgSO,-7H,O 0.5 g, Fe- 
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citrate-solution (Fe-conc. #/599) 0.5 ml, ZnSO,-solution (Zn-conc. */;o9) 0.5 ml, 
MnSO,-solution (0.1 mol.) 0.5 ml, CaCl,-solution (0.1 mol.) 5 ml, thiamin 
50 y, distilled water 995 ml. pH 4.4. In experiments where the influence of 
gallic acid on growth and: maximal mycelial production was studied, the 
following basal medium was used: 

B. NH,CI 1.0 g, KH,PO, 1.0 g, MgSO, : 7H,0 0.5 g, trace elements and 
thiamin as in solution A. Varying amounts of glucose and gallic acid were 
added to this basal medium in different experiments, the total volume con- 
taining the chemicals mentioned being regulated to 1000 ml. 

Gallic acid, CçH, (OH); -COOH - H,O (Baker’s analyzed) was recrystallized 
from redistilled water. In all experiments the gallic acid was dissolved 
separately, partly neutralized by addition of sodium hydroxide (3.6 ml 1 N 
NaOH per 1 g gallic acid), and sterilized by means of a Seitz filter. 

Each flask contained 20 ml of nutrient solution. 

Incculation. Marasmius foetidus develops a very scanty aerial mycelium 
on nutrient agar plates. Therefore, the inocula (2X2 mm) were placed on 
the surface of a fresh nutrient agar one day before the start of the experi- 
ments. By this means the mycelium of the inocula was induced to start 
growth even to such an extent that the inocula kept floating on being trans- 
ferred to the flasks. In addition, gallic acid seems to exert a much more 
pronounced inhibiting action on the mycelial growth if the fungus is in- 
oculated directly from colonies on nutrient agar than if the inocula are first 
treated as mentioned above. Boletus variegatus was inoculated in the 
same way. 

Extinction measurements. The extinction of the solutions in white light (Z) 
was determined photometrically (Rodhe 1948, pp. 10—11, cf. Lindeberg 
1948 b). In certain cases the extinction at different wave lengths (E) was 
determined by means of a Beckman photoelectric quartz spectrophotometer, 
quartz absorption cells with an effective layer-thickness of 10 mm being used. 

Determinations of reducing sugars. In certain cases the amount of reducing 
sugars of the nutrient solution has been followed throughout the experiments 
by detérminations according to Philipson (1943). The contents of three 
parallels, including nutrient solution and mycelia, were combined, and the 
total volume was filled to the original value of 60 ml. After the mycelia had 
been filtered off, the pH of the solution was adjusted to about 6.5 by addi- 
tion of 1 N NaOH. After heating the solution to near the boiling point it 
was purified by precipitation with lead acetate and filtered through a Munk- 
tell’s filter paper no. 00. By addition of ferric chloride solution to some few 
mls of the filtered nutrient solution it was controlled that the removal of the 


gallic acid was complete. Samples of 5 ml or, mostly, 10 ml were used for 
the sugar determinations. 
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Experiments and Results 


1. The influence of Marasmius foetidus on the extinction of solutions 
containing gallic acid 


Marasmius foetidus was cultivated on solution A. In one series 1 milli- 
mole gallic acid was added per litre, whereas in the control series no such 
addition was made. The dry weight of the mycelium (4 parallels) as well 
as the extinction of the solutions was determined at certain intervals (Fig. 
1 and 2). 

Soon after the inoculation the solution containing gallic acid became 
yellowish brown. The extinction in white light increased rapidly during the 
first 6 days though the dry weight of the mycelium scarcely reached 1 mg 
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Fig. 1. Growth of Marasmius foeti- 


dus in solution A containing 1 milli- 
mole gallic acid per litre, and cor- 
responding extinction values (Z) of 
the solution in white light. 
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Fig. 2. Influence of Marasmius foeti- 
dus on the extinction (E) at different 
wave lengths of the solution contain- 
ing gallic acid after 0, 6, 9, 15, and 
22 days incubation time. 
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Fig. 3. Extinction values (Z) in white light of 
cell free nutrient solution from cultures of Ma- 
rasmius foetidus after ' addition of different 
amounts of gallic acid: a) 0.04, b) 0.02, c) 0.01 


o millimoles gallic acid per 14 ml total volume. 
O 72 24 36 48 


Time in hours 


in the same time. Maximal extinction was reached after 9 days, the mycelial 
dry weight amounting to about 2 mg at that time. After that the colour of the 
solution became successively lighter, finally turning light yellow. 

The corresponding extinction at different wave lengths is shown in fig. 2. 
Before these determinations the solution was diluted 10 times with distilled 
water. The original solution containing gallic acid, which is colourless, is cha- 
racterized by a pronounced absorption maximum at about 260—270 mu. 
Under the influence of the growing mycelium this maximum was gradually 
eliminated. At the same time the extinction at wave lengths >300 my increased. 
However, no new maximum appeared, the absorption decreasing gradually 
with increasing wave length. With these determinations, too, maximal extinc- 
tion in visible light appeared after 9 days. After that the extinction decreased 
again at all wave lengths investigated. 

In the control series the extinction value in white light (Z) did not exceed 
zero during the whole experiment. After 22 days the average dry weight in 
this series amounted to 11 mg. 

In order to elucidate the extent to which the changes mentioned were 
dependent on the action of extracellular enzymes formed by the fungus, the 
following experiment was performed. Marasmius foetidus was grown on 
solution A without gallic acid for 29 days. The average dry weight of the 
mycelium after that time amounted to 22 mg, and the pH of the solution 
was 2.9. The nutrient solution was filtered through a sterile filter paper, and 
the mycelium free solution was then transferred to sterilized culture tubes, 
10 ml per tube. Following that, half of the tubes were heated at 80-83 © 
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Fig. 4. Influence of cell free nutrient solution from cul- 
tures of Marasmius foetidus on the extinction (E) of 
gallic acid at different concentrations: a, b, c gallic 
acid + heated nutrient solution; ay, by, cı gallic acid + 
unheated solution; N. S.: extinction of the nutrient 
solution without gallic acid (cf. text). 


for 15 minutes. To each four tubes, two heated and two unheated, the follow- 
ing solutions were added: 
a).4 ml 0.01 © mol. gallic acid solution 
b) 4 » 0.005 » » » » 
) 4 » 0.0025 » » » » 
d) 4 » distilled water. 


The tubes were placed in a thermostat at 25° C. The extinction in white 
light was determined every sixth hour. The extinction of the solutions which 
had been heated and of those which did not contain any gallic acid did not 
change during the experiment. The changes occurring in the extinction of 
the unheated solutions containing gallic acid are shown in fig. 3. Owing to 
the oxidation of the gallic acid, caused by the catecholase of the culture 
liquid, the extinction of these series increased. However, no definite maximal 
extinction values were reached in this experiment. 

After the measurements of the extinction in white light were completed, 
the solution of one tube of each series was investigated by means of the 
Beckman spectrophotometer. Before these measurements the solutions were 
diluted twenty-five times. The results are to be found in fig. 4. From this it 
may be seen that the cell free nutrient solution influenced the gallic acid 
in the same way as did the growing mycelium during the first days in the 
experiment mentioned above (cf. Fig. 2). Thus, the absorption maximum at 
260—270 my was eliminated, while the absorption at wave lengths >300 my 
increased. 
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In summary, the experiments referred to above prove that the growing 
mycelium of Marasmius foetidus forms an extracellular enzyme (catecholase) 
which catalyzes the oxidation of gallic acid, thereby causing its absorption 
maximum at 260—270 my. to be eliminated, whereas the absorption at wave 
lengths >300 my increases, the solution thereby becoming yellowish brown. 
The growing mycelium of the fungus gradually absorbs the oxidation product 
of the gallic acid, so that the colour of the solution after passing a maximum 
becomes lighter again. Therefore, the question of whether the gallic acid can 
be used by the fungus as an energy and carbon source seems to be of certain 
interest. 


2. The influence of gallic acid on the mycelial production of 
Marasmius foetidus 


After preliminary experiments had shown that the rate of growth of 
Mar«smius foetidus is depressed only to a slight extent by addition of 50 mg 
gallic acid per 20 ml nutrient solution a more extensive experiment was per- 
formed where the influence of gallic acid on the mycelial production was 
studied, the glucose content of the solution being continuously controlled by 
quantitative analyses. The basal medium B was used. The experiment com- 
prised the following series: 


I. No addition of glucose nor gallic acid. pH 4.3. 
II. 50 mg glucose per flask. pH 4.3. 
III. 50 mg glucose+50 mg gallic acid per flask. pH 4.1. 
IV. 50 mg gallic acid per flask. pH 4.1. 
The’results are shown in fig. 5. No growth occurred in the series I and IV. 
In the series II (glucose) the fungus grew somewhat faster than in the series 


Ory weight 
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Fig. 5. Influence of gallic acid on the 
growth of Marasmius foetidus. Solid 
lines: a) 50 mg glucose per flask; b) 50 
mg glucose + 50 mg gallic acid per 
flask. Dotted lines: corresponding 
pH-values. Arrows: <1 mg glucose 
per flask. 
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Table 1. Influence of gallic acid on the growth of Marasmius foetidus at different 
concentrations of glucose. 


= No 10 mg glucose 20 mg glucose 30 mg glucose 40 mg glucose 
= glucose per flask per flask per flask per flask 
5 te} to En Ep 
But) Oe À sé | 8 24 | E ss de slo. s|om 
© a = > = a on + © a on = © = a Pe © ‘en 
BRS SAS eg Fay” Fe re LE 
5 5 2 Benth mi SA | ¢ © ea alse S 8. 
No gallic acid added 
0 — | 41) — | 43 10 — | 43 20 — | 43 30 — | 4.4 40 
6 0245410 131722 3.5 — 1.1 | 3.6 — 16521536 = 0.040325 — 
11 003244120 2 10855 2.4; 3.3 | 3.1 | 6.4] 5.0 | 3.0 12:8} 6.1 | 3.1 20.8 
15 029174712 63.22 0322| 1066.12 73081 7.100229 4.0 111.9| 2.7 125 
20 0.2 | 4.1 | 2.6 | 3.1 | 1 6220291 CDE ON al erst 
am 0:22 Aer) seashell eval reset 5:0) |) 2.72 <= 1 82 F2 60 al 7.6| 2.4 | <1 
34, 3.247 2.8) <a 4.4} 2.6 |< 1 
50 mg gallic acid per flask 
0 — | 4.1 10 — | 4.1 20 — | 4.1 30 — | 42 A0 
6 0.9 | 4.1 — 1.0 | 4.1 — 1.17 4.1 1.142 — 
ial 3 | ato 2.4; 4.5 | 3.8 9.5] 4.9] 3.8 18.8| 4.7} 3.8 28.8 
15 4.3, | 3.9) <= I 7.9 | 3.4 1.8} 8.8] 3.3 11.4; 9.1 |. 3.3 14.8 
20 423.6 el Ores SET 114132277279 2.8 | 14.2| 2.8 za 
27 4.55 03.4. Su, 282 Kl 70 Per cil 16.61102.5 2.3 
| 34 3.8 | 3.6) <= 1 7.7 8.0) sa Oa 320) EAN MG: 010270) 


III (glucose +gallic acid). After 21 days the mean dry weight of the myce- 
lium in series II reached a maximal value of 12 mg. Soon after that the 
glucose was completely consumed and the dry weight of the mycelium in 
this series rapidly decreased in consequence of autolysis. In the series III 
a maximal mycelial dry weight of 18 mg was reached after 42 days. 5 days 
later the glucose was completely consumed. Thus, in this experiment the 
presence of gallic acid caused the maximal mycelial dry weight to increase 
by 50 °/o. It should be noted that the gallic acid exerted a certain buffering 
action. 

In the next experiment (Table 1, Fig. 6) the fungus was grown at varying 
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Fig. 6. Influence of gallic acid on the 
growth of Marasmius foetidus at different 
concentrations of glucose (10, 20, 30, and 
40 mg per flask). Solid lines: no gallic acid 3 
added. Dotted lines: 50 mg gallic acid per 

flask. Arrows: <1 mg glucose per flask. 9 
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30 
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concentrations of glucose. 50 mg of gallic acid were added to half of the 
flasks of each series. The decrease in the glucose concentration of the dif- 
ferent solutions was followed by means of analyses. 

In the solutions containing glucose maximal mycelial dry weight was 
reached after 15—27 days. In all series the growth stopped after the glucose 
had been consumed. 

The capability of the fungus to utilize the glucose for mycelial production 
maximal mycelial dry weight 
glucose consumed 
nomic coefficient»). If it is taken into consideration that the dry weight of 
the mycelium in the control series without glucose amounted to 0.2 mg, the 

following values of the quotient mentioned may be computed: 


may be expressed by the quotient (»the eco- 


10 mg glucose/flask: 32 °/o; the same plus 50 mg gallic acid: 43 °/o; 


20 » » / we 8) 9/0; » » » 50 » » » +: 48 9/0; 
30 » » | »1 798 e/g: > » » 50 > » » : 43 9/0; 
40 » » | > 2229 0/0; » » » 50 » » » + 41 0/0. 


Thus, in this case too, the economic coefficient was increased by about 
50 °/o by the addition of gallic acid. 

It seems clear that the fungus cannot utilize gallic acid as the 
only source of energy and carbon. Howéver, the economic coefficient 
maximal mycelial dry weight 

glucose consumed 
the nutrient solution. The reason for this fact may presumably be one of the 
two following possibilities: Either the glucose itself is more effectively 
utilized for mycelial production in the presence of gallic acid, or the gallic 
acid is partly used as an energy source in the presence of glucose. This 
problem still remains to be solved. However, some investigations have been 
performed toward the elucidation of the question. 

it might be thought that the fungus utilizes the gallic acid for the syn- 
thesis of some aromatic compound which is important to the capability of 
the fungus to utilize glucose for mycelial production. If this is true it seems 
reasonable that even low concentrations of gallic acid would increase the 
economic coefficient. Therefore, it would be of interest to investigate the 
effect of gallic acid, added in different amounts to the same nutrient 
solution. 

The results of such an experiment are given in fig. 7. The basal medium B, 
containing 30 mg glucose per flask, was used. In different series the following 
amounts of gallic acid were added: 0, 1, 2, 4, 8, and 16 millimoles per litre. 

At the lowest concentrations the effect of the gallic acid on the mycelial 
production was insignificant. At higher concentrations, however, the effect 


is increased by the addition of gallic acid to 
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Fig. 7. Influence of different concentra- 2 


tions of gallic acid (0, 1, 2, 4, 8, and 16 
millimoles per litre) on the growth of Ma- 7° 
rasmius foetidus at a glucose concentra- 
tion of 30 mg per flask. Arrows: <1 mg 5 
glucose per flask. Dotted lines: 100 mg 
glucose added per flask. 
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increased, the greatest effect being attained with 16 millimoles gallic acid 
per litre. 

After autolysis had begun in all series the following additions were made 
to the remaining flasks of each series: 1) 10 ml water; 2) 10 ml gallic acid 
solution (32 millimoles per litre); 3) 10 ml glucose solution (10 g glucose 
per litre). After another seven days the addition of water or gallic acid had 
not affected the dry weight of the fungus, whereas the addition of glucose 
had caused the growth to start rapidly again. 

Maximal effect of the gallic acid was reached at relatively high concentra- 
tions. Thus, the action of the acid is not of a vitamin type. 

When grown on nutrient solutions containing glucose Marasmius foetidus 
forms considerable quantities of organic acids, thereby acidifying the me- 
dium (cf. Lindeberg 1944). Now, if 50 mg gallic acid are added to 20 ml 
nutrient solution the buffering capacity of the solution is enhanced (cf. Fig. 5 
and Table 1). The buffering action of the gallic acid must be considered as 
a possible cause of the effect which the acid exerts on the mycelial produc- 
tion of the fungus. Therefore, the influence of certain other buffering sub- 
stances on growth and mycelial production of the fungus should be in- 
vestigated. 

Preliminary experiments showed that the fungus is able to utilize succi- 
nates as the only source of carbon, whereas the acetate buffer has a very 
strong inhibiting effect. Therefore, these two buffers cannot be used for the 
present purpose. However, an experiment could be performed where the 
phosphate concentration and, thereby, the buffering capacity of the solution, 
varied. The basal medium B with 30 mg glucose per flask was used. In one 
series 5 g mono-potassium phosphate were added per litre, whereas the 
control contained 1 g per litre. The pH of both solutions was 4.3. The my- 
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Table 2. Influence of gallic acid on the growth of Boletus variegatus in solution B. 


30 mg glucose + 50 mg gallic 
Tine an 30 mg glucose per flask acid per flask 
days Dry weight Glucose per | Dry weight Glucose per 
mg Pe flask mg mg PE flask mg 

0 — 4.4 30 = 4.6 30 
6 3.2 3.5 22.9 2.9 4.5 | 22.6 
9 hea! 3.0 14.5 6.1 4.4 14.9 
12 10.7 2.8 4.2 10.1 4.3 6.9 
15 13.2 2.8 < 1 | 11.8 4.2 | <<1 
18 12.1 2.6 <1 29 4.0 1 
21 12.1 2.8 <1 | 11.1 4.2 1 


celial dry weight and the pH of the solutions were determined every third 
day. In both series maximal mycelial dry weight was reached after 19 days, 
amounting in the control series to 11.3 mg and in the series with the higher 
phosphate concentration to 9.1 mg. The corresponding pH-values were 2.8 
and 3.2. Thus, in spite of its buffering action, mono-potassium phosphate 
does not increase the maximal mycelial production of Marasmius foetidus. 

It might also be thought that the positive effect of the gallic acid on the 
mycelial production of Marasmius foetidus is due to the utilization by the 
fungus of the oxidized acid as an energy or carbon source. If this is true, 
such fungi which do not form catecholase would probably not be positively 
acted upon by gallic acid. 

Boletus variegatus does not form extracellular catecholase (Lindeberg 
1948 a). Therefore, this fungus was grown on the basal medium B to which 
30 mg glucose per 20 ml had been added. In one series 50 mg gallic acid 
were added per flask. In addition the experiment comprised a control series 
containing no gallic acid (Table 2). 

The growth rate of the fungus was about the same in both series. Maximal 
dry weight was reached after 15 days, almost all the glucose being consumed 
at that time. With this fungus the maximal dry weight was somewhat lower 
in the series containing gallic acid than in the control. 

The buffering action of the gallic acid was quite distinct. According to 
Modess (1941) the pH optimum of the fungus lies between 5 and 6. There- 
fore one might expect gallic acid to have an increasing effect on the growth 
rate of the fungus in the acid nutrient solution used in this experiment. This 
not being the case, it seems necessary to assume that the gallic acid exerts 


a certain inhibiting action on the fungus so that the positive effect is coun- 
teracted. 


However, it seems to be an important result that the economic coefficient. 


of Boletus variegatus was not increased by the gallic acid. This fact indicates 
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that the positive action of the gallic acid with Marasmius foetidus may 
depend in one way or another on the oxidation of the acid and, probably, on 
a further utilization of the oxidized product by the fungus. 


Summary 


1. The oxidation of gallic acid is catalyzed by an extracellular catecholase 
which is formed by Marasmius foetidus. By this oxidation the absorp- 
tion spectrum of the gallic acid is changed. The characteristic absorption 
maximum at 260—270 my. is eliminated whereas the absorption at wave 
lengths >300 my. is increased, the gallic acid solution thereby becoming 
yellowish brown. 

2. If Marasmius foetidus is grown in a nutrient solution containing relatively 
small amounts of gallic acid the colour of the solution, after passing a 
maximum, becomes lighter again because the oxidized gallic acid is 
gradually adsorbed by the growing mycelium. 

3. Gallic acid cannot be used by the fungus as the only source of energy 
and carbon. 

4. If gallic acrd is added to a nutrient solution containing glucose the 
maximal mycelial dry weight 
glucose consumed 
tion range 1—16 millimoles per litre this effect of the gallic acid increases 

with the concentration. 

5. Possible explanations of the effect of the gallic acid are discussed. 


quotient is increased. Within the concentra- 
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Einfluss der Aufbewahrungstemperatur auf die Aktivität 
der Knospen nach beendeter Winterruhe 


Von 
AUSEKLIS VEGIS 


Institut fiir physiologische Botanik 
der Universitat Uppsala 
(Eingegangen am 3. Marz 1949) 


I. Einleitendes 


Vor kurzem konnte Verfasser zeigen, dass erhöhte Aufbewahrungstemperaturen 
bei den ruhenden Winterknospen von Stratiotes aloides ein Sinken der Streckungs- 
bereitschaft, also eine Vertiefung ihres Ruhezustandes bewirken, wobei in den unter- 
suchten Temperaturgrenzen (bis 25° C) die Aktivität der Knospen um so tiefer sank 
und die Ruheperiode um so länger dauerte, je höher die gewählte Aufbewahrungs- 
temperatur war (Vegis 1948 a). In einer weiteren Mitteilung hat der Verfasser ge- 
zeigt, dass das Sinken der Streckungsbereitschaft, das bei den ruhenden Knospen 
durch eine erhöhte Aufbewahrungstemperatur hervorgerufen wird, nicht notwendig 
an eine ununterbrochene Wirkung dieser Temperatur geknüpft ist. Ein gleich tiefes 
Sinken der Aktivität der Knospen konnte auch durch eine tagesperiodisch wech- 
selnde (intermittierende) Aufbewahrungstemperatur hervorgerufen werden, wobei 
die Knospen sich nur 6 Stunden in je 24 Stunden in der erhöhten Temperatur be- 
fanden. Selbst eine tagesperiodisch wechselnde Aufbewahrungstemperatur, bei wel- 
cher die Knospen nur 3 Stunden oder sogar nur 11/2 Stunden täglich bei 25° C 
verbracht hatten, hat ein Sinken der Streckungsbereitschaft zur Folge gehabt, welches 
besonders im ersten Fall (3 Stunden) der Wirkung einer ununterbrochenen Aufbe- 
wahrung bei 25° C nur wenig nachstand. Es erwies sich, dass das Sinken der 
Streckungsbereitschaft nicht wesentlich dadurch beeinflusst wurde, in welcher Weise, 
plötzlich oder allmählich, man den Temperaturwechsel herbeiführte. In beiden 
Fällen wurden annähernd gleiche Resultate erhalten (Vegis 1948 b). 


Die soeben erwähnten Ergebnisse der eigenen Versuche mit einem Objekt, 
das alle charakteristischen Eigentümlichkeiten der ruhenden Knospen besitzt 
und im Vergleich mit den Knospen der Holzgewächse und unterirdischen 
Organen gewisse Vorteile aufweist (1948 a, p. 12), sowie in der Literatur 
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verstreut vorkommende Angaben iiber die die Ruheperiode verlangernde 
Wirkung der höheren Temperaturen auf die Knospen der Holzgewächse 
(Simon 1906, Molisch 1909, Weber 1916), die Winterknospen von Hydrocha- 
ris morsus ranae (Simon 1928, Matsubara 1931), die Knospen der Knollen 
von Gladiolus hybridus - Varietäten (Denny 1930, 1936, 1938; Denny & Miller 
1935) sowie die Beobachtungen bei den Narcissus-Zwiebeln (van Slogteren 
1935) haben den Verfasser zu dem Gedanken gefiihrt, dass die noch immer 
meistens als autonom betrachtete Ruheperiode, die bei vielen Pflanzen vor 
dem Streckungswachstum der mehr oder weniger fertiggebildeten Organ- 
anlagen eingeschaltet ist, mindestens teilweise durch die Wirkung der hohen 
Temperatur der Umgebung, in gemässigten Zonen während des Sommers 
oder Frühherbstes, bedingt sein könnte (1948 a, p. 56; 1948 b, p. 232 f.). 
Einmal induziert, wiirde der Ruhezustand, auch nachdem die entsprechende 
Temperatur zu wirken aufgehôrt hat, als ihre Nachwirkung bestehenbleiben, 
solange er nicht durch die Kälte oder irgendeine andere Einwirkung auf- 
gehoben wird. Diese Vermutung könnte in gewissem Grade als begründet 
betrachtet werden, wenn es gelänge, die Knospen, die aus der Ruhe getreten 
sind, durch Erhöhung der Aufbewahrungstemperatur wieder in den Ruhe- 
zustand zu versetzen. Auf den ersten Blick scheint dies unmöglich zu sein, 
denn es ist ja allgemein bekannt, dass nach dem Ende der Ruheperiode 
erhöhte Temperaturen das Treiben der Pflanzen beschleunigen. Trotzdem ist 
es dem Verfasser, wie er bereits früher kurz erwähnt hat (1948b, p. 233), 
gelungen, in einzelnen Fällen, die Aktivität von Knospen, die vor kurzem aus 
der Ruhe getreten waren, durch Erhöhung der Aufbewahrungstemperatur 
so tief zu senken, dass sie bei üblichen Wachstumsbedingungen nicht mehr 
imstande waren auszukeimen. 

Um festzustellen, unter welchen Umständen durch die erhöhte Aufbewah- 
rungstemperatur eine Rückkehr der Knospen in den Ruhezustand (sekundäre 
Ruheperiode) herbeigeführt werden kann, wurden im Jahre 1948/49 syste- 
matische Untersuchungen mit dem Knospenmaterial vorgenommen, das wäh- 
rend des Winters von Zeit zu Zeit im Freien gesammelt und unmittelbar 
danach in verschiedene Temperaturen gebracht worden war. Es erwies sich, 
dass sich die Knospen im Freien unter dem Eis, nachdem sie ihre Ruhe- 
periode beendet haben und nur durch die zu niedrige Temperatur des Wassers 
in Zwangsruhe gehalten werden, wochen-, selbst monatelang in einem eigen- 
artigen labilen Zustande befinden. Während dieser Periode konnte bei den 
nicht ruhenden Knospen die Aktivität ohne besondere Schwierigkeiten sowohl 
durch ununterbrochene als auch durch die nur wenige Stunden pro Tag 
dauernde (intermittierende) Wirkung der erhöhten Temperaturen so stark 
herabgesetzt werden, dass die Knospen unbehandelt nicht mehr auszukeimen 
imstande waren. Diese sekundär induzierte Ruhe konnte jedoch gleich der 
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primaren durch die Wirkung des Heisswasserbades und einer Aufbewahrung 
bei 5° C aufgehoben werden. Wahrend am Anfang dieser Periode die Knospen 
schon durch eine Aufbewahrung bei 25° C, ein Teil selbst bei 20° C, in Ruhe- 
zustand versetzt werden konnten, war später eine immer höhere Temperatur 
nötig, bis endlich die Schädlichkeitsgrenze erreicht wurde. 


II. Methodisches 


Aus den Vorversuchen, die zwecks einer allgemeinen Orientierung schon 
in früheren Jahren vorgenommen worden waren, hatte der Verfasser den Ein- 
druck gewonnen, dass die Knospen, die aus der Ruhe getreten sind, nur 
während eines begrenzten Zeitraums durch eine hohe Aufbewahrungstem- 
peratur in den Ruhezustand zurückgebracht werden können. Um den annä- 
hernden Beginn dieser Periode, ihre Dauer und ihr allmähliges Aufhören 
unter natürlichen Verhältnissen kennenzulernen, entschloss sich der Verfas- 
ser, für seine Versuche ein Knospenmaterial zu verwenden, dessen Ruhe 
draussen unter den im Freien herrschenden Verhältnissen ganz allmählich 
zu Ende gekommen war. 

Mit der Prüfung der Streckungsbereitschaft der » Freiland-Knospen» wurde 
schon frühzeitig begonnen, wenn auch die früheren Beobachtungen (Vegis & 
Vegis 1935, p. 90) erwarten liessen, dass die Ruhe der Knospen ungefähr zu 
der Zeit aufhört, wenn die Seen sich mit Eis zu decken beginnen. Es war 
jedoch wichtig, eine genauere Vorstellung von dem Verlauf der Ruheperiode 
bei den Stratiotes-Knospen zu gewinnen, vor allem einen Überblick über die 
Änderung der Aktivität der ruhenden Knospen unter natürlichen Verhält- 
nissen. Die schon vorhandenen Angaben waren dürftig, und ausserdem 
waren die Prüfungen der Streckungsbereitschaft oft nicht sofort nach dem 
Sammeln des Knospenmaterials vorgenommen worden, was jedoch von 
grosser Wichtigkeit ist, denn eine Änderung der Aufbewahrungsbedingungen: 
kann die ursprüngliche Streckungsbereitschaft schon in verhältnismässig 
kurzer Zeit merklich verändern. Ausserdem war es von grossem Interesse 
festzustellen, zu welcher Zeit die Stratiotes-Knospen im Freien die geringste 
Aktivität, die tiefste Ruhe, besitzen. 

Das gesamte für die hier beschriebenen Versuche verwendete Knospen- 
material stammte aus dem stark verwachsenen Ekeby-See, der ungefähr 
15 km westwärts von Uppsala liegt und ausserordentlich reich an Stratiotes- 
Pflanzen ist. Für den Hinweis auf diesen reichen Standort ist der Verfasser 
Herrn Fil. lic. Sven Österlind zu Dank verpflichtet. 

Durch die periodisch vorgenommenen Prüfungen der Streckungsbereitschaft 
des Freiland-Materials wurde Anfang November festgestellt, dass die Ruhe- 
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periode der Knospen beendet war. Als Kennzeichen hierfür diente die Fahig- 
keit der soeben gesammelten Knospen, nach der Verbringung in den Licht- 
thermostat bei 20° C und 12 Stunden langer taglicher Belichtung 100prozen- 
tig auszukeimen. Von den Knospen, die soeben aus der Ruhe getreten waren, 
erwies sich ein Teil fahig, bei 15° und 20° C auch im Dunkeln mit Keimung 
zu beginnen. Von den etwas später gesammelten nicht ruhenden Knospen 
keimten bei 15° und 20° C im Dunkeln alle Knospen aus und ausserdem 
auch ein gewisser Prozentsatz der in 10° und 25° C gebrachten Knospen. 
Von den noch später gesammelten Knospen keimten auch bei 10°, 25° und 
selbst 27 1/,° C alle und bei 30° C ein beträchtlicher Teil aus. 

Um die Knospen, die ihre Ruheperiode beendet hatten und sich seitdem 
in einer durch die zu niedrige Wassertemperatur bedingten Zwangsruhe be- 
fanden, wieder in Ruhezustand zu versetzen, wurden die hoheren Tempera- 
turen verwendet, bei denen die jedesmal gesammelten Knospen noch nicht 
zu keimen imstande waren. Da dem Verfasser keine entsprechend hoch 
temperierten Lichtthermostate zur Verfügung standen, konnten Beobachtun- 
gen nur über die Wirkung dieser Temperaturen im Dunkeln ausgeführt wer- 
den. Die die Aktivität der Knospen vermindernde Wirkung der hohen Tem- 
peraturen war vor allem daran erkennbar, dass nicht alle Knospen, wenn sie 
nach dem Aufenthalt in diesem Temperaturen in Lichtthermostate mit 20° C 
gebracht wurden, mehr imstande waren, unbehandelt auszukeimen. Solange 
ein Teil der Knospen noch fähig war, ohne Behandlung (Heisswasserbad) 
mit dem Streckungswachstum zu beginnen, konnte die Anzahl der keimen- 
den Knospen als Mass für die Abnahme der Aktivität verwendet werden. 
Wenn aber keine von den Knospen mehr unbehandelt zu keimen vermochte, 
musste ein dosierbarer Auslôser des Streckungswachstums zwecks Beurtei- 
lung des Aktivitätsniveaus der Knospen, ihrer Streckungsbereitschaft, zu 
Hilfe genommen werden. Verfasser hat zu diesen Zweck, ebenso wie bei 
seinen früheren Untersuchungen über die Anderung der Streckungsbereit- 
schaft ruhender Knospen (l.c. 1948 a und b), ein Wasserbad von 50° C ver- 
wendet. Diese Methode der Auslôsung des Streckungswachstums in ruhenden 
Knospen wurde anfanglich bei den Winterknospen von Hydrocharis morsus 
ranae (Vegis 1932 a) ausgearbeitet, hat aber sehr gute Resultate auch bei 
den Holzgewächsen und Convallaria-Rhizomen (Vegis 1932 b) sowie Rhodo- 
dendron-Knospen (Kruyt 1947) gegeben. Uber die Methodik der Priifung 
der Streckungsbereitschaft bei ruhenden Stratiotes-Knospen hat sich der 
Verfasser schon früher eingehend geäussert (1948 a, p. 16 ff.), weshalb hier 
nur das Wichtigste mitgeteilt wird. 


Die zur Prüfung der Streckungsbereitschaft gewälten Knospen mit denselben Auf- 
bewahrungsbedingungen wurden in mehrere Portionen geteilt, von welchen jede 
10 Knospen enthielt. Danach wurden die Portionen verschieden lange in Wasser 
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von 50° C gebadet. Die meist angewendeten Badezeiten waren: 1/sm, m, 41/0, 
2m, 3™ und 4”, Natürlich kamen bei den einzelnen Versuchen gleichzeitig nur 
einige dieser Badezeiten zur Anwendung. Ausserdem wurde immer zwecks Kontrolle 
eine Portion der Knospen ungebadet gelassen. Es ist ja ohne weiteres klar, dass die 
Knospen zwecks Auslösung des Streckungswachstums um so länger gebadet werden 
mussten, je niedriger ihre Streckungsbereitschaft war, und dass umgekehrt die 
Dauer des Bades um so kürzer sein durfte, je höher die Streckungsbereitschaft war. 
Infolgedessen konnte die Anzahl der nach verschieden langer Wasserbehandlung bei. 
50° C keimenden Knospen zur Beurteilung der Streckungsbereitschaft der in den 
Ruhezustand zurückgekehrten Knospen benutzt werden. 

Bekommt man bei in gewissen Zeitabschnitten aufeinander folgenden Prüfungen 
der Streckungsbereitschaft mit einem Wasserbad von derselben Dauer eine immer 
steigende Anzahl keimender Knospen, so weist dies darauf hin, dass die Streckungs- 
bereitschaft der Knospen im Laufe der Aufbewahrung gestiegen ist. Wird dagegen 
eine Abnahme der Zahlenwerte beobachtet, so bedeutet dies, dass die Streckungs- 
bereitschaft sinkt, die Ruhe der Knospen immer tiefer wird. Zeigen die Zahlen 
keine oder nur eine ganz geringe Änderung, so ist die Streckungsbereitschaft ungefähr 
auf demselben Niveau verblieben. 

Nach dem Bade wurde jede Knospenportion, die, wie erwähnt, stets 10 Knospen 
enthielt, in Erlenmeyer-Kolben von 300 ccm gebracht, die etwa 150 ccm Leitungs- 
wasser enthielten. Die Kolben mit den gebadeten und nicht gebadeten Knospen 
wurden mindestens 3 Wochen lang im Lichtthermostat bei 20° C verwahrt, wo sie 
täglich einer 12stündigen Belichtung ausgesetzt waren. Die Einschaltungsperiode 
dauerte von 9—21 Uhr. Die Lichtquelle bestand aus einem Mischlichtreflektor mit 
einer Glühlampe von 500 W »Luma» und einer Quecksilberdampflampe (Queck- 
silberhochdrucklampe) vom Typus Hg 265 W (LH 1000) »Luma». Unter der Licht- 
quelle befand sich eine Küvette mit einer 3 cm hohen Wasserschicht. Das Filter 
wurde mit Leitungswasser gespeist, und das überschüssige Wasser floss ab. Die 
Kolben befanden sich ungefähr 75 cm von der Lichtquelle entfernt. Die Knospen 
wurden erst dann aus dem Lichtthermostat genommen, wenn sie im Laufe einer 
Woche keine weiteren Veränderungen zeigten. Endgültige Resultate wurden meist 
nach 2—3 Wochen erreicht. Sicherheitshalber wurden jedoch die Kolben mit den 
Knospen noch mindestens 2 Monate in einem hellen Zimmer aufbewahrt, das gegen 
Norden gerichtete Fenster und gewöhnlich eine Temperatur um 15° C hatte. Eine 
weitere Keimung der Knospen wurde jedoch beinahe nie beobachtet. 

Nicht selten kam es vor, dass eine gewisse Anzahl der Knospen zu keimen begann, 
aber dann auf einem früheren oder späteren Keimungsstadium stehenblieb und in 
solchem Zustande wochen-, selbst monatelang verharrte. Dies waren offenbar Knos- 
pen, deren “Ruhe durch das entsprechende Baden nicht ganz aufgehoben werden 
konnte. In den Tabellen ist die Anzahl der vollständig ausgekeimten Knospen ohne 
Klammern, die der unvollständig ausgekeimten in Klammern angegeben. 


III. Experimentelles 


1. Verlauf der Aktivität der Winterknospen unter natürlichen Verhält- 


nissen im Freien. 
Mit dem Sammeln des Knospenmaterials wurde am 15. August begonnen. 
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An demselben Tage wurden auch die soeben gesammelten Knospen zwecks 
Priifung der Streckungsbereitschaft bei 50° C gebadet. Leider stieg infolge 
eines Fehlers in der Temperaturregulation des Lichtthermostates die Tempe- 
ratur an einem Tage so stark, dass die meisten Knospen Schaden litten und 
dann verfaulten. Die nächsten Priifungen der Streckungsbereitschaft wur- 
den am 5. und 25. September, die weiteren am 1., 8., 15. und 22. Oktober, 
1., 8. und 15. November, 8. Dezember, 15. Januar und 15. Februar mit 
soeben gesammelten Knospen vorgenommen. Die Resultate dieser Prüfungen 
sind in Tabelle 1 zusammengefasst. Wie aus letzterer zu ersehen ist, zeigten 
die bis Anfang November gesammelten Knospen, ungebadet in den Licht- 
thermostat gebracht, keine Keimung. Weiter fallt auf, dass die Anfang Sep- 
tember (5. 9.) gesammelten Knospen die niedrigste Streckungsbereitschaft 
aufwiesen. Ein Vergleich der bei späteren Prüfungen gewonnenen Zahlen er- 
gab keine wesentlichen Unterschiede in bezug auf die Streckungsbereitschaft 
zwischen den am 5.9. und am 15. 8. gesammelten Knospen, weshalb es nicht 
ausgeschlossen zu sein scheint, dass die Stratiotes-Knospen die tiefste Ruhe 
schon im August gehabt hatten. Auch abgesehen hiervon ist es ja klar, dass 
die Knospen die tiefste Ruhe schon zu einer Zeit zeigen, wo von einer mehr 
oder weniger ausgeprägten Kältewirkung noch kaum die Rede sein kann. 
Ist die Ruheperiode der Knospen durch die Wirkung eines Aussenfaktors 
hervorgerufen, so muss dieser Faktor schon frühzeitig, zu einer Zeit gewirkt 
haben, als die Knospen noch nicht ruhten, d.h. als die Temperatur noch hoch, 
vielleicht sogar die höchste im Jahr war. 

Seit dem Beginn des September, möglicherweise schon früher, nimmt, wie 
aus Tabelle 1 ersichtlich ist, im Freien die Streckungsbereitschaft der ruhen- 
den Knospen allmählich zu. Ende Oktober sank die Temperatur im Jahre 
1948 rasch. Nach den Angaben des Meteorologischen Observatoriums in Upp- 
sala waren die maximalen Lufttemperaturen in den letzten 10 aufeinander 
folgenden Tagen des Monats Oktober (22—31. 10.) folgende: +10,2°, +7,4°, 
+5,7°, +8,1°, +7,8°, +3,8°, +2,3°%, +3,8°, +3,2° und +1,6°; die mini- 
malen: + 0,8°, + 2,8°, — 2,4°, — 3,4°, +0,9°, — 2,5°, — 5,6°, — 4,7°, — 5,8° 
und — 6,6° C. Ausserhalb der Stadt, auf dem See, waren die Temperaturen 
sicher noch niedriger. Am 1. November, als der Verfasser wieder an den See 
kam, war dieser schon mit einer ca. 12 cm dicken Eisschicht bedeckt, so 
dass die Beschaffung des Knospenmaterials nur nach dem Aushauen von 
Wuhnen möglich war. Seit Anfang November wurden die Knospen immer 
von Pflanzen gewonnen, die sich unter dem Eis befanden und durch die 
Wuhnen mit einer Harke herausgezogen wurden. Da der Ekeby-See sehr 
seicht ist und seine Tiefe, die Dicke der Wasserschicht, selbst an den tiefsten 
Stellen nicht viel über 1 m betrug, wurde das Wasser mit dem Eintritt 
des Frostes rasch kühl, und seine Temperatur lag, als die Eisschicht sich 
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\ 
Tabelle 1. Die Aktivitdt der zu verschiedenen Zeiten im Freien gesammelten Knospen von 
Stratiotes aloides. 


Zeit der Einsammlung Unbehandelt re eae 

1/97 des 11/2" gm se qm 
5. September 1948 0 — (23 (2) |2+(1))3+(2)) — 
25: » » 0 — 2) — (4) |6+(2) 10 
1. Oktober » 0 — |3+(3)) — 8 10 10 
ee: > 0 Ce hs 10 10 = 
15: . > 0 0 |9+(1)} 10 10 10 = 
22. » » 0 (1) 10 10 10 10 — 
1. November >» 2+(1) 9 10 10 10 10 — 
8 » » 9 10 10 10 10 — — 
15. > > 10 10 10 10 10 — 
8. Dezember » 10 10 10 — — -- — 
15. Januar 1949 10 10 10 — — — — 
15. Februar » 10 10 10 — — — = 


bildete, sicher nur wenige Grad iiber 0°. Daher ist kaum zu bezweifeln, dass 
die Knospen Ende Oktober mehrere Tage einer Temperatur von nur einigen 
Graden iiber 0° ausgesetzt waren. Darum iiberraschte es nicht, als die Prii- 
fung der Streckungsbereitschaft der am 1. November gesammelten Knospen 
ergab, dass die Aktivitat der Knospen im Laufe der 10 letzten Tage merk- 
lich gestiegen war. Von den 10 unbehandelten Knospen keimten schon 
2+.(1), vor 10 Tagen keine; von den zehn !/,” lang bei 50° C gebadeten 
Knospen keimten 9 vollständig aus; dagegen hat von den am 22. 10. gesam- 
melten 10 Knospen nach einer gleichen Behandlung nur eine mit Keimung 
begonnen, ist aber dann stehengeblieben. 

Von den Knospen, die am 8. November gesammelt wurden, keimten 9 von 
10 ungebadet aus. Die Ruheperiode der Knospen konnte zu dieser Zeit prak- 
tisch als beendet betrachtet werden. Die Knospen des Materials, das am 15. 
November und später gesammelt wurde, keimten alle, wenn sie unbehandelt 
in den Lichtthermostat gebracht wurden. 

2. Das Verhalten der zu verschiedenen Zeiten gesammelten nicht mehr 
ruhenden Knospen in verschiedenen Aufbewahrungstemperaturen. 

An verschiedenen Tagen (vgl. Tab. 1) wurde eine gréssere Anzahl Knospen 
gesammelt und dann in verschiedene Temperaturen, anfangs 5°, 10°, 15° und 
20° C, später aber auch 25°, 27 3/,°, 30° und selbst 32 1/,° C gebracht. Die 
Anzahl der zu verschiedenen Zeiten gesammelten Knospen, die nach der Ein- 
sammlung in unterschiedliche Temperaturen gebracht wurde, war nicht in 
allen Fallen gleich. Meistens wurden in jede Temperatur 120 oder 160 
Knospen gestellt, in manchen Fällen jedech 200 oder sogar 300. In keinem 
Falle war die Zahl der bei einer gewissen Temperatur verwahrten Knospen 
geringer als 80. Nachdem der See sich mit Eis bedeckt hatte, war es keine 
leichte Aufgabe, durch Entblätterung der aus dem eiskalten Wasser gezoge- 
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nen Pflanzen Hunderte von Knospen zu sammeln; während des kurzen 
Wintertages konnte man gewôhnlich nicht mehr als 300—400 Knospen be- 
kommen. 

Solange die in verschiedene Temperaturen gebrachten Knospen bei Auf- 
bewahrung nicht auskeimten, wurde immer nach 2, 4, 6 und 8 Wochen 
durch das Baden bei 50° C ihre Streckungsbereischaft geprüft. Uber die 
Resultate dieser Priifungen bei den Knospen, die bei der Einsammlung noch 
ruhten, wird an anderer Stelle berichtet werden. Hier sei nur kurz erwahnt, 
dass in, voller Ubereinstimmung mit dem, was Verfasser früher mitgeteilt 
hat, in allen Fallen bei den Temperaturen über 10° C eine allmähliche Ab- 
nahme der Streckungsbereitschaft beobachtet wurde, die um so grösser war, 
je höher die Aufbewahrungstemperatur war. Solange keine der Knospen des 
gesammelten Materials ungebadet im Lichtthermostat bei 20° C Keimung 
zeigte, war auch bei den im Dunkeln in verschiedenen Temperaturen auf- 
bewahrten Knospen keine Keimung bemerkbar. Das Bild veränderte sich 
jedoch wesentlich, als ein Teil der unbehandelt ins Licht gebrachten Knospen 
zu keimen vermochte, d.h. als ihre Winterruhe beendet war. Nun konnte 
ein Teil der Knospen auch im Dunkeln auskeimen. Wie Tabelle 2 zeigt, 
besass von den am 1. 11. gesammelten Knospen nur ein Prozentsatz der in 15° 
und 20° C gebrachten Knospen diese Fähigkeit. Bei den am 8.11. gesam- 
melten Knospen war der keimende Anteil bei 15° und 20° C merklich ge- 
stiegen, ausserdem keimten 35 °/o der bei 10° C und 2,5 ©/o der bei 25° € 
verwahrten Knospen. Bei dem am 15.11. gesammelten Material war der 
Prozentsatz der bei 10°, 15°, 20° und 25° C im Dunkeln keimenden Knospen 
noch weiter gestiegen. Von den am 8. 12. aus dem See gewonnenen Knospen 
keimten bei 10°, 15° und 20° C alle aus, und auch bei 25° C begannen die 
meisten zu keimen; bei 271/,° C keimten nur 3,6 °/o. Von den in 5° und 
30° C gebrachten Knospen keimte auch in diesem Fall keine. Die am 15.1. 
gesammelten Knospen unterschieden sich von den am 8.12. gesammelten 
nur dadurch, dass hier beinahe alle bei 25° C aufbewahrten Knospen keimten, 
und auch bei 27 */.° C hatten 62,9 °/o mit der Keimung begonnen. Ausserdem 
zeigten auch 12,1 °/o der bei 30° C verwahrten Knospen Keimungsbeginn. 
Dagegen wurde bei 5° und 32'/,° C auch in diesem Falle kein Streckungs- 
wachstum beobachtet. Von den am 15.2. aus dem See geholten Knospen 
keimten bei 10°, 15°, 20°, 25° und 271/,° C alle aus, und auch bei 30° C 
war die Zahl der keimenden Knospen auf 64,2 /o gestiegen. Bei 5° und 
32 1/,° C keimte auch hier keine der Knospen. 

Aus diesen Beobachtungen ist zu folgern, dass die Aktivität der Knospen 
nach der beendeten Winterruhe während der durch die niedrige Wassertem- 
peratur bedingten Zwangsruhe nicht auf demselben Niveau bleibt. Die 
Knospen, die soeben aus der Ruhe getreten sind, können nur innerhalb ganz 
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Tabelle 2. Keimung der zu verschiedenen Zeiten nach der Beendigung der Winterruhe ge- 
sammelten Knospen von Stratiotes aloides bei verschiedenen Temperaturen im Dunkeln. 
Die Zahl der keimenden Knospen ist in °/o der Gesamtzahl ausgedrückt. 
mm eee 


Ze Fi armmlung Aufbewahrungstemperatur 
One 712,3011 20° C 17 25°C 13119 CH 30° C- 3210 C 

22. Oktber 1948 1 0 0 0 0 0 0 = = 
1. November » 0 0 21,9 9,5 0 0 a 
8. > » 0 35,0 69,2 49,4 2,5 0 — = 
15. > » 0 65,0 85,6 78,7 33,1 0 = = 
8. Dezember » 0 100,0 | 100,0 | 100,0 73,3 3,6 0 0 
15. Januar 1949 0 100,0 | 100,0 | 100,0 92,9 62,9 12,1 0 
15. Februar » 0 100,0 | 100,0 | 100,0 | 100,0 | 100,0 64,2 0 


! Alle Knospen erwiesen sich noch als ruhend. 


enger Temperaturgrenzen, um 15—20° C, zum Streckungswachstum über- 
gehen. Je längere Zeit aber die Knospen nach dem Ausklang der Ruheperiode 
im Freien im kalten Seewasser verbracht hatten, um so weiter wurden die 
Temperaturgrenzen, innerhalb deren die Knospen mit dem Wachstum zu be- 
ginnen vermochten. Diese Erweiterung des Temperaturbereiches erfolgt 
jedoch sehr langsam. Selbst 3 Monate, nachdem die Knospen ihre Ruhe- 
periode beendet hatten, schien es noch nicht sicher zu sein, dass die end- 
gültigen Temperaturgrenzen für das Streckungswachstum der Stratiotes- 
Knospen. erreicht waren. Die endgültige minimale Temperatur des Strek- 
kungswachstums (etwa um 10° C) wurde offenbar verhältnismässig früh 
erreicht, dagegen erfolgte Annäherung an die endgültige maximale Tempe- 
ratur (aller Wahrscheinlichkeit nach etwas über 30° C) nur ganz allmäh- 
lich, Schritt für Schritt. Grob schematisiert ist diese Erweiterung der Tem- 
peraturgrenzen für das Streckungswachstum der Stratiotes-Knospen in Fig. 1. 
dargestellt. 

Selbstverständlich konnten zur Hervorrufung eines sekundären Ruhezustan- 
des der Knospen, die aus der primären Ruhe (natürlichen Winterruhe) getre- 
ten waren, nur solche Temperaturen in Betracht kommen, bei denen die 
Knospen keine.Keimung zeigten, oder, mit anderen Worten, die ausserhalb 
der jedesmaligen Temperaturgrenzen des Streckungswachstums lagen. Dies 
waren die niedrigen Temperaturen, 5° C und weniger einerseits, sowie die 
höheren, 25—32 1/,° C, anderseits. Jedoch waren die niedrigen Temperatu- 
ren für unsere Zwecke nicht brauchbar. Es ist eine längst bekannte Tatsache, 
dass diese Temperaturen imstande sind, durch die Hinderung des Streckungs- 
wachstums die Pflanzen, richtiger ihre Knospen, nach dem Ausklang der 
Ruheperiode in Zwangsruhe zu halten. Sobald aber solche Pflanzen in für 
das Wachstum günstige Verhältnisse gebracht werden, beginnen sie zu 
treiben. Auch bei den Winterknospen von Stratiotes aloides konnte selbst 
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nach einer 8 Wochen langen Aufbewahrung bei 5° C keine Verminderung 
der Streckungsbereitschaft festgestellt werden. Im Lichtthermostat bei 20° C 
keimten die Knospen immer alle aus. Dagegen zeigten die Knospen, die bei 
Aufbewahrung in einer hôheren Temperatur nicht gekeimt hatten, also in 
einer Temperatur, die oberhalb der damaligen maximalen Temperatur des 
Streckungswachstums lag, in den ersten Monaten nach Beendigung der 
Ruheperiode ein ganz anderes Verhalten. Bei solchen Knospen konnte schon 
nach zwei in der hohen Temperatur verbrachten Wochen eine deutliche 
Aktivitatsabnahme, ein Sinken der Streckungsbereitschaft festgestellt werden, 
das im Laufe der weiteren Aufbewahrung noch zunahm, so dass z.B. bei den 
im November und Dezember gesammelten Knospen, die nach vier Aufbe- 
wahrungswochen nichtgebadet in den Lichtthermostat mit 20° C gebracht 
wurden, mit wenigen Ausnahmen kein Streckungswachstum mehr erfolgte. 
Unter dem Einfluss der hohen Aufbewahrungstemperatur waren sie sekundär 
in Ruhezustand geraten. Eine ähnliche Erscheinung hat Guthrie bei Kartof- 
felknollen beobachtet, die nach beendeter Ruheperiode mit verschiedenen 
chemischen Stoffen, darunter den Lösungen des Natrium- und Kaliumsalzes 
der Indolessigsäure, des Kaliumsalzes der Naphthylessigsäure, der Naphthyl- 
essigsäure selbst und ihrem Methylester, behandelt wurden (Guthrie, 1938 a 
und b, 1939 a und b). 

Die durch hohe Aufbewahrungstemperätur hervorgerufene sekundäre Ruhe 
konnte bei den Stratiotes-Knospen gleich der primären, natürlichen Winter- 
ruhe durch das Baden bei 50° C aufgehoben werden, und dadurch war es 
möglich, eine Vorstellung von der Tiefe der sekundären Ruhe zu gewinnen. 
Es erwies sich, dass die Aktivitätsabnahme während der »sekundären Ruhe- 
periode» sehr beträchtlich sein kann. Nachdem die vorher nicht ruhenden 
im November und Dezember gesammelten Knospen 4—8 Wochen in hoher 
Temperatur verbracht hatten, war meist für die Unterbrechung ihres sekun- 
dären Ruhezustandes, zur Auslösung ihres Streckungswachstums, ein unge- 
fähr ebenso langes Bad von 50° C nötig wie bei den im Freien Anfang Sep- 
tember gesammelten Knospen, als die primäre Ruhe, natürliche Winterruhe, 
der Knospen noch sehr tief war, ja vielleicht den tiefsten Stand hatte. Die 
sekundäre Ruhe konnte auch durch wochenlange Aufbewahrung bei 5° C im 
Dunkeln allmählich zu Ende gebracht werden, was sehr an das Schwinden 
der primären Ruhe unter dem Einfluss der Kälte im Freien erinnert. 

Unter den Knospen, die in den ersten Wochen nach dem Ausklang der 
Ruheperiode im Freien gesammelt worden waren, wurde der Eintritt der 
sekundären Ruhe oder die »Rückkehr der Ruheperiode» bei den bei 25° und 


27 1° C im Dunkeln aufbewahrten Knospen beobachtet. Als aber bei den 


Knospen eine Neigung bemerkbar wurde, auch bei diesen Temperaturen mit 
Streckungswachstum zu beginnen (siehe Tabelle 2), wurde von den weiter 
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Wochen nach der 
Ruhe 
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Fig. 1. Schematische Darstellung des Ein- 
Îlusses verschiedener Temperaturen auf 8 
die Knospen nach der beendeten natürli- 
chen Winterruhe. Vertikal gestreift — der 
Temperaturbereich, in dem die Knospen zu 
keimen imstande sind. Horizontal gestreift 
— der Temperaturbereich, in dem die 
Knospen nicht keimen und sekundär in 
Ruhe treten. 


y 


5° 10° 15° 20° 25° 30° Temperatur 


gesammelten Knospen ein Teil auch bei 30° und später selbst bei 32 #/,° C 
verwahrt. 

Was die Temperatur von 30° C betrifft, so hat sie bei den im Dezember 
und Januar gesammelten Knospen, gleich den 25- und 27 !/,gradigen im 
November, Eintritt des Ruhezustandes hervorgerufen. Jedoch keimten im 
Februar auch bei dieser Temperatur schon 62,8 °/o der Knospen aus. Eine 
Temperatur von 32 !/,° C scheint schon an der Grenze der Schädlichkeit zu 
liegen. Mindestens die im Januar gesammelten Knospen erwiesen sich nach 
einer 3 Wochen langen Aufbewahrung geschädigt und konnten nicht für 
weitere Beobachtungen benutzt werden. Wurden jedoch die Knospen nicht 
ununterbrochen, sondern intermittierend, nur einige Stunden in je 24 Stun- 
den, bei einer Temperatur von 32 1° C aufbewahrt, so konnte auch diese 
Temperatur, gleich den niedriger liegenden, die Aktivität der Knospen herab- 
setzen und nach einer wochenlangen Wirkung eine tiefe sekundäre Ruhe 
verursachen. 

Zu erwähnen ist, dass man, um in den Knospen einen sekundären Ruhe- 
zustand hervorzurufen, dafür Sorge tragen muss, dass in den Gefässen, in 
denen sie sich befinden, kein Sauerstoffmangel entsteht. Dieser kann leicht 
eintreten, wenn die Knospen in zu grosser Anzahl in ein Gefäss gebracht 
werden, wenn das Wasser im Gefäss eine verhältnismässig kleine freie Ober- 
fläche hat, zu tief ist, oder wenn die Knospen mit viel Sauerstoff verbrauchen- 
den Mikroorganismen infiziert sind. Haben die Knospen Sauerstoffnot gelitten, 
so gelingt es nicht mehr, sie in Ruhezustand zu überführen; dabei brauchen 
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sie gar nicht beschädigt zu sein. Es ist möglich, dass eine Aufbewahrung der 
Knospen bei einer intermittierenden Temperatur, wo sie den grössten Teil 
der 24 Stunden bei einer niedrigeren Temperatur, also in Wasser, das mehr 
Sauerstoff enthält, verbringen, in dieser Hinsicht vorteilhafter ist. 


Wie aus Tab. 2 und Fig. 1 zu entnehmen ist, erweitern sich die Tempera- 
turgrenzen, in welchen das Streckungswachstum der Knospen sich abspielen 
kann, um so mehr, je mehr Zeit nach Beendigung der natürlichen Winterruhe 
verstrichen ist, gleichzeitig aber verringert sich der Temperaturbereich, in 
welchem aufbewahrt sie allmählich sekundär in Ruhe treten können mehr 
und mehr, und es kommt offenbar ein Zeitpunkt, wo das nicht mehr möglich 
ist. Mit dem Freiland-Material hat der Verfasser diesen Zeitpunkt noch nicht 
ganz erreicht. Jedoch hatte er im vorigen Frühling Gelegenheit, bei umfang- 
reichen Versuchen mit Stratiotes-Knospen, deren Ruhe durch ein Wasserbad 
von 50° C aufgehoben worden war, einen Zustand zu beobachten, wo das 
Wachstum der Knospen sowohl durch eine Aufbewahrung bei 5° C als auch 
durch eine solche bei 30° C (bei ununterbrochener wie bei intermittierender 
Wirkung) wochen-, ja monatelang verhindert werden konnte. Sobald aber 
die Knospen in 10—25° C gebracht wurden, keimten sie aus. Eine sekundäre 
Ruhe gelang es hier nicht hervorzurufen. 

Dass gewisse Temperaturen oberhalb des Maximums des Streckungswachs- 
tums, wenn sie vor Beginn des Streckungswachstums eingeschaltet werden, 
das Wachstum verhindern können, ohne dabei schädigend zu wirken, haben 
schon Hartsema und Blaauw (1935) bei ihren Untersuchungen mit Narcissus- 
Zwiebeln bewiesen. Diese Wirkung der hohen Aufbewahrungstemperaturen 
wurde benutzt, um das Wachstum der Zwiebeln während des Transportes 
nach der südlichen Hemisphäre zu verhindern. Verfasser konnte in der er- 
wähnten Arbeit keinen Hinweis darauf finden, dass die hohen Temperaturen 
dabei einen Ruhezustand hervorgerufen hätten. Allerdings hat van Slogteren 
(l.c.) festgestellt, dass durch die zu hohen Temperaturen in den Anbaugebie- 
ten während der Zwiebelentwicklung im Spätsommer und Frühherbst und 
selbst durch einen vorübergehenden Aufenthalt des Pflanzengutes in höherer 
Temperatur die Entwicklung der Narzissen verlängert wird. 

Ausführlichere Angaben über den temperaturbedingten Wiedereintritt der 
Ruheperiode, das Zahlenmaterial über die Änderung der Streckungsbereit- 
schaft bei den Knospen, die nach beendeter Winterruhe zu verschiedenen 
Zeiten im Freien gesammelt wurden und, in höhere Temperaturen gebracht, 
nicht auskeimten, werden nach dem Abschluss dieser Versuche publiziert 
werden; bei gleicher Gelegenheit wird auch eine Besprechung der gewonne- 
nen Ergebnisse erfolgen. 
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Zusammenfassung 


Die Beobachtungen wurden bei den Winterknospen von Stratiotes aloides 
gemacht. 

1. Durch die sofortige Priifung der Streckungsbereitschaft der periodisch 
gesammelten Winterknospen wurde festgestellt, dass die Knospen Anfang 
September, môglicherweise noch früher, die geringste Aktivität haben. Im 
Laufe der Zeit stieg die Aktivität der Knospen allmählich, bis Anfang No- 
vember, als der See sich mit Eis bedeckte, die natiirliche Winterruhe der 
Knospen beendet war. 

2. Durch Verbringung der Freiland-Knospen, die ihre natiirliche Ruhe 
beendet hatten, zu verschiedenen Zeiten in verschiedene Temperaturen im 
Dunkeln wurde festgestellt, dass die Temperaturgrenzen, in welchen bei den 
Knospen das Streckungswachstum möglich ist, nicht konstant sind. Kurz 
nachdem die Knospen aus der Ruhe getreten waren, vermochten sie nur inner- 
halb eines ganz engen Temperaturbereichs (15—20° C) zum Streckungs- 
wachstum überzugehen. Während des weiteren Aufenthalts im Freien unter 
natürlichen Verhältnissen erweiterten sich jedoch diese Grenzen immer mehr, 
bis offenbar die endgültigen maximalen und minimalen Temperaturen für 
das Anfangsstadium des Streckungswachstums erreicht waren. 

3. Werden die Knospen nach der beendeten Winterruhe in die Tempera- 
turen gebracht, die oberhalb des jedesmaligen Maximums des Streckungs- 
wachstums liegen und nicht schädigend wirken, so tritt bei ihnen ein allmäh- 
liges Sinken der Aktivität ein, welches dazu führt, dass sie unter den üblichen 
Wachstumsbedingungen nicht mehr auszukeimen imstande sind. Solche 
Knospen sind sekundär in den Ruhezustand getreten. 

4. Die sekundäre Ruhe der Knospen kann gleich der primären durch 
Wasserbäder von 50° C aufgehoben werden. Dadurch kann ihre Tiefe ge- 
prüft werden, 

5. Mit der Erweiterung der Temperaturgrenzen des Streckungswachstums 
wird der Temperaturbereich, in welchem die Knospen sekundär in Ruhe 
treten, immer enger, bis endlich eine derartige Beeinflussung der Knospen- 
aktivität nicht mehr möglich ist. 
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Einleitung 


White (1943) weist darauf hin, dass bei der Kultivierung isolierter Wurzeln 
grosses Gewicht auf die Temperatur gelegt werden muss. Zu diesem Schluss 
ist er durch ausführliche Untersuchungen (1932, 1937, 1937 a) über den 
Einfluss der Temperatur auf die isoliert wachsenden Weizen- und Tomaten- 
wurzeln gekommen. Deshalb schien es wahrscheinlich, dass die Temperatur 
auch für das Wachstum isolierter Kiefernwurzeln von grosser Bedeutung ist. 


Methodik 


Die Samen stammten aus der Provinz Wärmland (Uddheden, 110 m ü.d.M.) in 
Schweden. Über die Methodik der Sterilisierung der Samen und der Wurzelisolierung 
siehe Näheres Slankis (1948, S. 278). 

Für die Kultivierung der isolierten Kiefernwurzeln wurde die Salzlösung von 
Robbins und White (1936) benutzt (vgl. Slankis 1948, S. 278). Dieser Lösung wur- 
den 50 y Aneurin-HCl (Merck-Darmstadt) und 500 y Cholinchlorid (Hoffmann- 
La Roche) je Liter zugesetzt. Als Kohlehydratquelle wurden 4 °/o Glukose verwendet. 
Beim ersten Versuch wurde Glukose Pfanstiehl (C.P.), beim zweiten Glukose Cole- 
man & Bell Co. (C.P.) verwendet. 

Bei den Versuchen wurden 100 ml-Erlenmeyerkolben (Jenaerglas) mit 20 ml Nähr- 
lösung benutzt. Die Nährlösung wurde 15 Min. bei 1 Atm. Überdruck sterilisiert. 
Die Versuchsdauer betrug 120 Tage; die Nährlösung wurde aber nach 60 Tagen 
erneuert. Die Zahl der Parallelkulturen betrug im allgemeinen 12. 
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Zuwachs in 
mm 
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= Fig. 1. Mittlerer Zuwachs der Haupt- 
und Nebenwurzeln der isoliert ge- 
wachsenen Kiefernwurzeln, die in ver- 
schiedenen Temperaturen kultiviert 
wurden. Versuchsdauer 120 Tage. A= 
Hauptwurzel, b= Nebenwurzeln (Ver- 
such 1). B=Hauptwurzel, a= Neben- 
wurzeln (Versuch 2). 
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Versuche 


Im ersten Versuche wurden die Wurzeln bei 15°, 17,5°, 20°, 22,5° und 
25° C geziichtet. Die maximalen Temperaturschwankungen iiberstiegen nicht 
+0,2° C. Am Ende des Versuches wurde folgender mittlerer Längenzuwachs 
der Nebenwurzeln festgestellt: 87,1, 198,6, 180,0, 123,8, 87,6 mm (Fig. 1, 
Kurve b). Das beste Wachstum haben die Wurzeln bei 17,5° C und 20° C 
gezeigt. 

Im zweiten Versuche wurden die Wurzeln bei 12,5°, 15°, 17,5°, 19° und 
22,5° C kultiviert. Nach 120 Tagen war der mittlere Längenzuwachs der 
Nebenwurzeln bei den erwähnten Temperaturen: 87,9, 126,3, 190,8, 253,0 
und 115,2 mm (Fig. 1, Kurve a). Bei diesem Versuche haben die bei 17,5° 
und 19° C kultivierten Wurzeln das beste Wachstum aufgewiesen. 

Aus Fig. 1 (Kurve A u. B) ist zu ersehen, dass der mittlere Zuwachs der 
Hauptwurzel bei den niedrigeren Temperaturen grösser als bei den höheren 
war. Der maximale Zuwachs der einzelnen Wurzeln hatte bei 12,5° und 
15° C bis 120 mm betragen, überstieg jedoch bei 19° C nicht 37 mm. Die 
hemmende Wirkung der höheren Temperaturen ist damit zu erklären, dass 
an den Spitzen der Hauptwurzeln früher oder später Anschwellungen ent- 
standen (Fig. 3), wodurch das weitere Längenwachstum sistiert wurde. Die 
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Fig. 2. Mittlere Anzahl der Nebenwur- 8 
zeln von isoliert gewachsenen Kiefern- 
wurzeln nach 120 Tagen (Versuch 2). 


I, I, UI, IV = Nebenwurzeln I.—IV. 4 
Ordnung. G = Gesamtzahl der Neben- 
wurzeln. 


10 15 20 Zork 


Bildung dieser Anschwellungen war in hohem Grade von der Temperatur 
abhängig. So war z.B. bei 12,5° C nach 60 Tagen nur bei ca. 10 °/o der Haupt- 
wurzeln eine leichte Anschwellung der Wurzelspitzen bemerkbar, bei 15° C 
hatten schon ca. 40 °/o der Hauptwurzeln solche Anschwellungen gebildet, 
und bei 17,5° C waren nur einzelne Hauptwurzeln frei von ihnen. Von 19° C 
an entstanden die Anschwellungen schon in 4—6 Wochen, und nach 120 
Tagen schliesslich hatten sich mit seltenen Ausnahmen die Anschwellungen 
auch bei 12,5° und 15° C gebildet. Infolgedessen kann man annehmen, dass 
am Ende des Versuches in allen erwähnten Temperaturen die Hauptwurzeln 
mit sehr wenigen Ausnahmen aufgehört hatten, in die Länge zu wachsen. 
Die Tatsache, dass bei 12,5° und 15° C die Hauptwurzeln länger ausge- 
wachsen sind, ist gerade mit dem Umstand zu erklären, dass die Anschwel- 
lungen bei diesen Temperaturen später ausgebildet wurden als bei den 
höher liegenden, weshalb hier die Hauptwurzeln längere Zeit wachsen 
konnten. 

Auch die Grösse und die Gestalt der Anschwellungen erwies sich von der 
Temperatur abhängig. So hatten sie z.B. bei 12,5° C nach 120 Tagen die 
Gestalt eines kleinen ovalen Gebildes, dagegen wurden sie bei höheren 
Temperaturen meist kugelförmig, und von 19° C an konnten sie den Wurzel- 
durchschnitt étwa 3—4 fach übersteigen (Fig. 3). Mit der Zeit überdehnt 
die wachsende Anschwellung die deckende Epidermis, so dass diese zer- 
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Fig. 3. Anschwellungen von Hauptwurzeln von isolieri 
gewachsenen Kiefernwurzeln nach 120 Tagen bei 12,5° 
and 179520. 20° de 


springt, und unterscheidet sich dann durch ihre glänzende, weisse Oberfläche 
scharf von der gelbbraunen Epidermis. 

Endlich ist zu bemerken, dass die erwähnten Anschwellungen der Wurzel- 
spitzen nicht nur bei den Hauptwurzeln, sondern bei höheren Tempera- 
turen auch bei Nebenwurzeln ausgebildet wurden (Fig. 4), bei welchen 
sie in gleicher Weise das Längenwachstum sistieren. Bei höheren Tempera- 
turen bildeten sich die Anschwellungen in 120 Tagen selbst bei Wurzeln 
dritter Ordnung. 

Die Temperatur beeinflusst auch die Zahl der Nebenwurzeln. So wurde 
z.B. in Versuch 1 die grösste Wurzelanzahl bei 17,5° C (mittlere 19,0) aus- 
gebildet, bei 20° C war die Anzahl etwas geringer (mittlere 14,6). In Ver- 
such 2 wurde die grösste Anzahl bei 17,5° und 19° C gebildet (mittlere 26,1, 
bez. 26,7, siehe Fig. 2). 

Wenn man die bei verschiedenen Temperaturen gewachsenen Wurzeln 
miteinander vergleicht, so fällt es auf, dass zwischen der Gesamtlänge und 
Gesamtzahl der Nebenwurzeln eine Korrelation besteht. Mit der Zunahme 
der Gesamtlänge steigt auch die Gesamtzahl (Fig. 1, Kurve a u. Fig. 2, 
Kurve G). Die Wechselbeziehungen, die zwischen den Nebenwurzeln ver- 
schiedener Ordnung bei verschiedenen Temperaturen bestehen, sind aber 
unterschiedlich. Es scheint, dass die Anschwellungen der Wurzelspitzen 
dabei von Bedeutung gewesen sind. Aus Fig. 2 ist zu ersehen, dass sich die 
Anzahl der Nebenwurzeln erster Ordnung mit der Erhöhung der Tempera- 
tur verminderte. Dies ist damit zu erklären, dass bei 12,5° C die Spitzen- 
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Fig. 4. Entwicklung isoliert gewachsener Kiefernwurzeln bei verschiedenen 
Temperaturen nach 120 Tagen. Etwa 3/s nat. Grösse. 


anschwellungen der Hauptwurzeln erst in der Endperiode des Versuchs 
ausgebildet wurden. Infolgedessen konnte die Hauptwurzel verhältnismässig 
lang hervorwachsen, und ihr entlang entstanden in ziemlich grosser Zahl 
die kurzen Nebenwurzeln erster Ordnung (Fig. 4). Die mittlere Anzahl der 
letzteren war bei 12,5° C 11,5. Dagegen war die Zahl der Nebenwurzeln 
zweiter Ordnung bei 12,5° C viel geringer, denn sie wurden nur bei solchen 
Wurzeln ausgebildet, bei welchen die Hauptwurzel Spitzenanschwellungen 
schon nach etwa 60 Tagen zeigte. Je höher die Temperatur war, um so 
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früher entstanden die Spitzenanschwellungen. Bei 15° und 17,5° C waren 
sie nach 60 Tagen schon bei den meisten Hauptwurzeln zu finden. Deshalb 
war der Langenzuwachs der Hauptwurzel bei diesen Temperaturen geringer, 
und im Zusammenhang damit war die mittlere Anzahl der Nebenwurzeln 
erster Ordnung bei 15° C auf 7,3 und bei 17,5° C auf 4,6 gesunken. Dafür 
aber sind diese Nebenwurzeln recht gut in die Lange gewachsen. Es sieht 
so aus, als ob sie korrelativ die Funktion der Hauptwurzel übernommen 
hatten. An den lang ausgewachsenen Nebenwurzeln erster Ordnung waren 
in reicher Zahl Nebenwurzeln zweiter Ordnung ausgebildet (Fig. 4), welche 
ihre maximale mittlere Anzahl (18,4) bei 17,5° C erreichten. Die Neben- 
wurzeln dritter Ordnung wurden bei 15° C im Laufe von 120 Tagen in sehr 
geringer Zahl (mittlere 0,4) ausgebildet. Dagegen ist bei 17,5° C ihre mitt- 
lere Anzahl auf 8,1 gestiegen. Eine Temperatur von 19° C verursachte noch 
starkere Spitzenanschwellungen nicht nur an den Hauptwurzeln, sondern 
auch an den Nebenwurzeln, wobei in 120 Tagen solche auch an Wurzeln 
zweiter und selbst dritter Ordnung ausgebildet wurden. Gleichzeitig mit der 
Entwicklung der Spitzenanschwellungen hôrten die entsprechenden Neben- 
wurzeln auf zu wachsen. Dadurch wurde die Bildung der Wurzeln nachster 
Ordnung gefördert. Auf solche Weise wurden selbst Nebenwurzeln vierter 
Ordnung ausgebildet (vergl. Fig. 4). Im Zusammenhang mit der raschen 
Ausbildung der Anschwellungen bei den Hauptwurzeln (im Laufe von 4—6 
Wochen) ist die Anzahl der Nebenwurzeln erster Ordnung auf 3,3 gesunken. 
Da aber bei dieser Temperatur auch an den Nebenwurzeln erster Ordnung 
in verhältnismässig «urzer Zeit Spitzenanschwellungen ausgebildet wurden, 
war ihr Längenzuwachs ziemlich gering, und im Zusammenhang damit ist 
die mittlere Anzahl der Nebenwurzeln zweiter Ordnung auf 10,0 gesunken. 
Dafür aber war die Durchschnittslänge der Wurzeln zweiter Ordnung bei 
19° C die grösste, und deswegen haben die Nebenwurzeln dritter Ordnung 
bei dieser Temperatur die grösste mittlere Anzahl (8,8) erreicht. Die Tem- 
peraturen von 22,5° und 25° © zeigten einen deutlich hemmenden Einfluss 
auf die Bildung der Nebenwurzeln (Fig. 4). 


Aus den Versuchen scheint hervorzugehen, das die betreffenden Kiefern- 
wurzeln bei 17,5°—20° C am besten wachsen (vergl. Fig. 1, 2). Die grösste 
Anzahl Nebenwurzeln und die höchste Gesamtlänge haben die Wurzeln ge- 
geben, die bei 19° C kultiviert wurden. Jedoch können die Spitzenanschwel- 
lungen, die bei dieser Temperatur selbst bei den Nebenwurzeln dritter Ord- 
nung beobachtet wurden, schon als Folge gewisser Entwicklungsstörungen 
aufgefasst werden. Bei den Wurzeln, die in einer Temperatur von 20° C 
kultiviert wurden, traten diese Störungen noch deutlicher hervor, denn hier 
verminderte sich auch die Anzahl der Nebenwurzeln, und die Gesamtlänge 
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der Wurzeln wurde kleiner. Im ganzen genommen lag die Entwicklung der 
Wurzeln bei 20°C unter der bei 17,5° C. Von diesem Gesichtspunkt aus 
scheint es, dass die optimale Temperatur zwischen 17,5°—19° C zu suchen ist. 

White (1932, 1937) hat festgestellt, dass fiir die Kultivierung isolierter 
Weizenwurzeln eine Temperatur von ungefähr 27° C optimal ist, während 
fiir Tomatenwurzeln die optimale Temperatur in der Nahe von 30° C liegt. 
Für das Wachstum der hier behandelten Kiefernwurzeln ist die optimale 
Temperatur um ca. 10° niedriger. 

Wenn auch die Temperaturen von 12,5° und 25° C das Wachstum der 
Kiefernwurzeln schon bedeutend verzögerten, so waren diese doch am Ende 
des Versuches noch am Leben, und nachdem sie in eine geeignetere Tem- 
peratur gebracht worden waren, zeigte ihr Wachstum eine allmähliche 
Zunahme. 

Bei Vergleich der Gestalt der Wurzeln, die bei verschiedenen Tempera- 
turen gewachsen waren (Fig. 4), ist ersichtlich, dass die Hauptwurzeln um 
so kürzer wurden, je höher die Temperatur war, dass aber bei höherer 
Temperatur eine grössere Anzahl Nebenwurzeln höherer Ordnung ausge- 
bildet wurde. Anlass dazu geben, wie schon erwähnt, die Anschwellungen 
der Wurzelspitzen, die bei niedrigeren Temperaturen nur bei Hauptwurzeln, 
bei höheren jedoch auch bei Nebenwurzeln beobachtet wurden und das 
Längenwachstum sistieren. 


Zusammenfassung 
1. Das Wachstum der isolierten Wurzeln von Pinus silvestris wird stark 


von der Temperatur beeinflusst. 
2. Die grösste Anzahl Nebenwurzeln und der grösste Gesamtzuwachs 


wurde bei 17,5°—19° C erreicht. 


Zum Schluss danke ich dem Direktor des Instituts, Herrn Prof. Dr. Elias Melin, 
ergebenst für gütige Unterstützung bei Fortführung meiner Arbeit. 
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Notes on the Physiology of the Cacao Parasite 
Marasmius perniciosus 


By 
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During the last decades the parasitic hymenomycete Marasmius perni- 
ciosus Stahel has caused serious damage to the cacao production of South 
America by destructive attacks on the cacao trees. The fungus causes the 
»witches’ broom» disease of the trees which has been described by Stahel 
(1915, 1919). 

Until now very little work seems to have been done concerning the nutri- 
tional requirements of Marasmius perniciosus in pure culture. The genus 
Marasmius is represented in Sweden by about thirty species which are all 
probably pure saprophytic. Of these a considerable number has been pre- 
viously studied from physiological viewpoints by Lindeberg (1944). There- 
fore, the authors considered it desirable to make comparable studies of some 
features of the physiology of Marasmius perniciosus. The parasitism of the 
fungus might possibly be connected with physiological properties which are 
not to be found in the saprophytic species. 


Materials and methods 


Cacao pods infected by Marasmius perniciosus were received from Equador 
through the courtesy of Mr Jérgensen, Hacienda Clementina. The pods 
belonged to the indirectly infected »strawberry-shaped» type, only 3—5 cm 
in length, with very hard, dark brown cortex, which has been described by 
Dale (1946, p. 217). After the surface of the pods had been sterilized with 
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alcohol, the pods could be aseptically opened. In the hollow centre of the 
fruits a white mycelium with clamp-connections was found. Pure cultures of 
this mycelium could easily be obtained by transferring it to malt agar slants. 
Later on pure cultures of Marasmius perniciosus were received from the 
»Centraalbureau voor Schimmelcultures» at Baarn. The mycelia isolated by 
the authors have proved to be identical with those from Baarn with regard 
to morphological and physiological properties. Therefore the identity of the 
first mentioned mycelia with Marasmius perniciosus must be looked upon 
as established. 

The methods used in these investigations are identical with those described 
by Lindeberg (1944). All the nutrient solutions used in this work contained 
the following constituents per litre: MgSO,-7 H,O 0.5 g, Fe-citrate-solution 
(Fe-conc. #/599) 0.5 ml, ZnSO,-solution (Zn-conc. 1/;5)) 0.5 ml, MnSO,-solu- 
tion (0.1 mol.) 0.5 ml, CaCl,-solution (0.1 mol.) 5 ml. Different amounts of 
glucose, potassium phosphates, nitrogen sources, and thiamin were added 
in the experiments. Each flask contained 20 ml of nutrient solution..5 or 
6 duplicates were used. 


Experiments and results 


1: Growth substance requirements. Preliminary experiments showed that 
Marasmius perniciosus cannot assimilate synthetic nutrient solutions con- 
taining only glucose and inorganic salts. However, after addition of yeast 
extract the mycelium of the fungus grows rapidly in such media. In order 
to assimilate a synthetic nutrient solution the fungus seems to require one or 
several organic growth substances. Therefore, in one experiment the effect 
of thiamin, biotin, and inositol on the growth of the fungus was studied 
(Table 1). The nutrient solution contained 20 g glucose, 2 g ammonium 
tartrate, and 1 g KH,PO, per litre. The initial, pH of the solution was 5.5. 
The incubation time was 12 days. 


Table 1. Influence of thiamin, biotin, and inositol on the growth of 
Marasmius perniciosus. 


Addition per flask Dry weight mg Final pH 
NORadAHONE ea ee ee areade een 2.0 4.6 
1 y thiamin...................- EL 12.5 4.2 
10° MY DION 4 esse. use nee ssunenene aes 1.6 4.6 
1 mg inositol ................. sete ttt eee eeeeee eee nn sten 1.3 4.6 
1 y thiamin +10 my biotin ........................... 13.4 4.1 
1 y thiamin +1 mg INOSIORN tue 13.1 4.1 
10 my biotin +1 mg inositol.........................…. 2.3 4.5 
1 y thiamin +10 my biotin + 1 mg inositol...... 13.6 4.1 
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10 Fig. 1. Growth of M. perniciosus at different con- 
centrations of thiamin: 0, 2, 5, and 10 my per flask. 
o ° : ‘ Dotted lines: 1000 my thiamin added per flask. 
O 10 20 30 


In those series where the solution did not contain thiamin the growth was 
insignificant. On the other hand, the fungus grew quite well in the presence 
of this vitamin. Biotin and inositol did not effect the growth. Consequently, 
Marasmius perniciosus may be classified as a thiamin-heterotrophic species. 

In order to determine whether the thiamin-heterotrophy of the fungus is 
absolute or not an experiment was performed where the thiamin was added 
in different suboptimal concentrations, e.g. 0, 2, 5, and 10 my per flask 
(fig. 1). The growth of the fungus was rather irregular in all series. However, 
the mycelial production was obviously limited by the quantities of thiamin 
added. Maximum mycelial weights were obtained after 30 days in all series. 
Considering that 4.5 mg of mycelium were produced in the control series a 
value of the mycelium/thiamin quotient (the economic coefficient) amounting 
to 1.0—/1.4 millions may be computed (cf. Fries 1938). Thus, the thiamin- 
heterotrophy of the Marasmius perniciosus strain investigated here is absolute. 
The same holds true for several saprophytic Marasmius species which have 
been studied earlier (Lindeberg 1944). The value of the mycelium/thiamin 
quotient for Marasmius perniciosus also agrees fairly well with the values 
obtained with other species. 

The growth rate of Marasmius perniciosus is considerably increased if 
certain amounts of yeast extract are added to the nutrient solution containing 
thiamin. Accordingly, in addition to thiamin one or several other organic 
substances seem to be necessary for maximum growth of the fungus. Some 
preliminary investigations concerning this problem have been performed, 
the results of which may be briefly summed up as follows. 

Acid hydrolyzed casein, added in amounts of 10 mg per flask, accelerated 
the growth rate of the fungus. After 10 days the following mycelial dry 
weights were obtained in one experiment: 
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22) 
20 
75 
10 
Fig. 2. Influence of the hydrogen ion concen- 
tration on the growth of M. perniciosus. My- 
celial dry weight plotted against initial pH- > 
values (solid lines) and final pH-values (dotted 
lines). : o 


1 y thiamin per flask: 5.5 mg; 
1 y thiamin+10 mg hydrolyzed casein per flask: 10.3 mg; 
1 y thiamin+10 mg yeast extract per flask: 15.6 mg. 


The fungus seems to require one or more amino acids tor maximum growth. 
However, several saprophytic Marasmius species are influenced by acid 
hydrolyzed casein and yeast extract in the same way as M. perniciosus. 
Apparently no obvious connection exists between the parasitism of the 
fungus and its growth substance requirements. 

It may finally be mentioned that nicotinic acid, pyridoxin, p-amino- 
benzoic acid, ascorbic acid, and pantothenic acid, 1 y of each substance 
being added per flask, did not influence the growth of the fungus. 


2. Influence on the growth of the hydrogen ion concentration of the 
medium. The growth of Marasmius perniciosus at different hydrogen ion 
concentrations of the medium is shown in fig. 2. The basal medium con- 
tained 10 g glucose, 1 g asparagine, 0.35 g KH,PO,, 0.15 g K,HPO,, and 
50 y thiamin per litre (Lindeberg 1944, p. 108). The pH of the different 
series was regulated by addition of Sörensen’s phosphate solutions. The 
incubation time was 12 days. 

In those series where mycelial growth occurred the pH values increased 
to a certain extent. Maximum growth occurred at pH 5—6. However, even 
at the neutral point the growth was considerable. The results agree fairly 
well with Stahel’s (1915, p. 8) observation that the mycelium of Marasmius 
perniciosus grows best on weakly acid culture media. 


3. Nitrogen nutrition. The ability of Marasmius perniciosus to utilize 
different forms of nitrogen was investigated in an experiment where a basal 


142 GOSTA LINDEBERG AND KERSTIN MOLIN 


Table 2. Influence of different nitrogen sources on the growth of 
Marasmius perniciosus. 


| = 
Addition per litre Dry weight mg) Initial pH | Final pH 
No addition ........... | 0.7 5.8 | 6.6 
1O7 SENET CIE TPS 10.2 5.7 3.4 
2.02 8.KNO, un. 14.9 5.8 | 6.8 
1.50 g asparagine 21.8 6.1 Zot 


medium was used containing 10 g glucose, 0.25 g KH,PO,, 0.25 g K,HPO,, 
and 50-y thiamin per litre. In different series equivalent amounts of nitrogen 
were added as ammonium chloride, potassium nitrate, and asparagine 
(Table 2). The incubation period was 15 days. 

Both ammonium nitrogen and nitrate nitrogen could be utilized by the 
fungus. With potassium nitrate the growth rate was even higher than with 
ammonium chloride, probably because the hydrogen ion concentration of 
the solution with the ammonium salt rapidly increased to decidedly un- 
favourable values. Asparagine proved to be a very good source of nitrogen 
for the fungus. 

The ability of Marasmius perniciosus to utilize nitrate nitrogen seems to 
be of special interest. Among the fourteen saprophytic Marasmius species 
which have been previously investigated, only one, e.g. M. fulvobulbillosus, 
proved to be capable of assimilating nitrates. However, the growth of this 
species was considerably more vigorous on ammonium salts than on nitrates. 


4. Growth on sterilized litter. Stahel (1915, p. 12) made the observation 
that the mycelium of Marasmius perniciosus grows both in an intercellular 
and intracellular fashion in cacao pods attacked by the fungus. It therefore 
. seems probable that M. perniciosus is able to decompose cellulose. In a 
previous work Lindeberg (1948) showed that the fungus forms an extra- 
cellular catecholase. With hymenomycetes the formation of such an enzyme 
is usually combined with the ability to decompose lignin (Bavendamm 1928). 
However, until this time no investigations seem to have been made con- 
cerning the ability of Marasmius perniciosus to decompose cellulose and 
lignin. 

The fungus was grown by the authors on sterilized litter. As substrate dead 
leaves and straws of Glyceria maxima were used. Quantities of 5.00 g (water 
content 7.5 °/o) were introduced into 300 ml Erlenmeyer flasks, 50 ml 
distilled water were added to each flask, the flasks were furnished with cotton 
stoppers and autoclaved. After inoculation with Marasmius perniciosus the 
flasks, including 4 duplicates, were stored at 25° C for 228 days, 25 ml 
sterilized water being added after 107 days. 
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At the end of the experiment the remaining dry matter in each flask was 
determined as well as the lignin and cellulose content of the control material 
and of the decomposed material. Lignin and cellulose were determined 
gravimetrically, the former as lignin-thioglycollic acid, the latter after extrac- 
tion with cuprammonium hydroxide and precipitation with 80 °/o alcohol. 
The methods used have been described in detail by Lindeberg (1944, pp. 18— 
27). The results of the experiment may be summed up as follows: 


Control material: 


Dry matter per flask .......... 4.63 g 
Lignin (eset this gases ae 13.6 °/o 
Cellulose % San nn tees we ee 26.1 Se 
Decomposed material: 

Dry matter per flask .......... 2.78 g 
PAGO (AS DTA) ... oor ses ee se 12.2 %o 
Cellulose dus et an HI + ca die 10.1 9/0 
Dry matter decomposed ........ 40.0 % 
Lignin decomposed ............ 46.1 %/o 
Cellulose decomposed .......... 76.8 9/0 


The fungus attacked the litter very intensely, thereby decomposing 77 °/o 
of the cellulose and 46 °/o of the lignin. The results agree fairly well with 
those obtained in a previous experiment where pure cultures of the sapro- 
phytic species Marasmius graminum and M. oreades were grown on the same 
substrate (Lindeberg 1944). 


Conclusions 


Judging from the results of the investigations which have been performed 
so far the nutritional requirements of Marasmius perniciosus do not seem 
to differ essentially from those of the saprophytes belonging to the same 
genus. This fact agrees with the observations of Stahel (1915, p. 15) that the 
fungus can also grow saprophytic and in that stadium produces fruiting 
bodies, and with those of Baker, Crowdy, and Thorold (1941, p. 112) that 
mushrooms are also formed on diseased material which has fallen to the 
ground. Thus, the parasitism of the fungus probably does not depend on 


specified nutritional requirements. 


Summary 


1. Marasmius perniciosus has been isolated from infected cacao pods. 
2. The investigated strain of. the fungus was found to be absolute thiamin- 


heterotrophic. 
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3. Addition of hydrolyzed casein or yeast extract to the medium considerably 
increased the growth rate of the fungus. 

4. Maximum growth was found to occur at pH 5—6, considerable growth 
taking place also at the neutral point. 

5. The fungus was able to utilize both ammonium nitrogen and nitrate 
nitrogen. Asparagine proved to be a very good nitrogen source. 

6. The fungus could be grown on sterilized litter (Glyceria maxima). In 
228 days 40 °/o of the dry matter, 46 °/o of the lignin, and 77 °/o of the 
cellulose were decomposed. 
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The deamination of glycocoll by green algae has been previously studied 
under various conditions (Algéus 1, 2, 3), The investigations have shown 
that the process of deamination is relatively independent of the carbohydrate 
metabolism, and that it is either over-dimensioned (Scenedesmus type) or 
limits the rate of nitrogen assimilation (Chlorella type). In the case of the 
former ammonia is surrendered to the nutrient solution. If glycocoll is 
allowed to serve as a source of both carbon and nitrogen (cultures in the 
dark) the growth is generally insignificant due to the fact that the amino 
acid is a poor or completely worthless source of carbon. Nevertheless a 
deamination takes place under these conditions and ammonia is liberated. 
The average rate of deamination of the individual cell is, furthermore, 
considerably higher than in the light cultures. A possible explanation of 
this has been discussed earlier. It is quite evident that species of the Scene- 
desmus type contribute to a high degree to the self-purification of natural 
waters by converting organically bound nitrogen to ammonia. Since, how- 
ever, the rate of deamination, according to the above, is dependent upon 
the illumination, it would seem to be of a certain ecological interest to 
study the process under intermittent illumination corresponding to ‘the 
natural change between day and night. 

In the following experiments cultures of Scenedesmus obliquus have been 
exposed to continuous or intermittent illumination (12 hours light and 12 
hours dark). Comparison has also been made with a third series kept in 
complete darkness but otherwise under identical experimental conditions. 
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Table 1. Growth, nitrogen metabolism and pH in glycocoll cultures in continuous and 
intermittent light. Initial pH 7.0. 


Time in days 6 12 18 24 30 36 42 


ee 


Growth; cells per mm? 


Continuous light..................| 2,000 | 11,400 | 18,500 | 18,000 | 19,000 | 20,100 | 20,600 
1,700 9,300 | 18,200 | 19,300 | 18,200 | 19,500 | 19,500 
Intermittent light ... ........... 1,000 4,400 | 16,800 | 19,400 | 20,300 | 19,500 | 20,300 


1,100 6,000 | 18,100 | 19,100 | 20,300 | 20,400 | 19,900 


Assimilated N; mg per culture 


Continuous light.................. 0.064 0.54 1.05 1.36 1.54 1.55 1.58 
0.065 0.48 1.06 1.34 1.52 1.53 1.49 
Intermittent light ...............] 0.002 0.16 0.65 1.02 1.26 1.57 1.60 
0.001 0.14 0.70 0.97 1.35 1.55 1.58 
Ammonia-N; mg per culture 
Continuous light.................. 0.013 0.11 0.39 0.81 1.10 1.12 1.16 
0.008 0.15 0.48 0.96 0.86 0.96 0.97 
Intermittent light ............... 0.004 0.12 0.46 0.73 0.93 1.00 1.12 


0.005 0.10 054 ; 0.73 0.95 1.13 1.16 


N-content per cell; mg - 10-10 


Continuous light.................. 6.4 9.4 11.4 15.0 16.3 15.5 | 15.3 
7.6 10 11.6 13.9 16.7 15.7 | 15.3 
Intermittent light ............... 0.4 7.1 7.8 10.5 12.4 16.1 | 15.8 
0.2 4.7 7.8 10.1 13.3 15.2 | 16:6 
pH 
Continuous light... ce. 7.2 7.6 8.2 8.3 8.2 8.2 8.2 
7.0 8.1 8.3 8.3 8.1 8.4 8.3 
| 
Intermittent light ............... Co 7.4 8.1 8.2 8.1 8.4 8.3 
7.1 7.5 8.2 8.3 8.2 8.4 8.3 


For a detailed description of the method reference may be made to Algéus 
(1). As is shown in table 1 cell division takes place under continuous 
illumination at a somewhat greater rate than under intermittent. The cul- 
tures in continuous light contain in the beginning about twice as many 
cells as in the parallel series. By the eighteenth day, however, the difference 
has practically disappeared. The nitrogen assimilation follows a similar 
course, but this, however, is completed much later than that of the cell 
division. The nitrogen content of the individual cell rises in accordance with 
this until the nitrogen assimilation ceases. There are no difference in the 
ammonia production of the two series. The total amount of glycocoll-nitrogen 
utilized (assimilated N + ammonia-N) is somewhat greater in the beginning 
under continuous illumination than under intermittent. 

Table 2 shows the rate of nitrogen assimilation and ammonia production 
of the individual cell at different times and conditions of light. For reasons 
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Table 2. Rates of N-assimilation and ammonia production in cultures in continuous and 
intermittent light as well as in darkness. 


Time in days 6 | 12 18 24 30 | 36 42 


mg N-10—!0 per cell \ Intermittent light] — 0.59 | 0.41 | 0.22 | 0.14 


Rate of N-assimilation; Continuous light 0.9 0.78 | 0.37 | 0.13 | 0.08 | 0.02 | 0.02 
per day | 


Darkness 1G 0.6 0.3 0.06 0. == = 


nid {Continuous light | 0.2 | 0.3 | 0.24 | 0.18 | 0.07 | 0.02] 0 
duction; mg N 10-10 {Intermittent light} — | 0.4 | 0.28 | 0.16 | 0.08 | 0.07 | 0.03 
per cell per day aes 1% 1, O81 00.8 Noms ee 1b else 


advanced in the earlier reports the figures in the first column (sixth day of 
the experiment) are somewhat uncertain. Under continuous illumination 
the rate of assimilation is greater in the beginning than under intermittent. 
During the latter part of the experiment this condition is reversed. In the 
dark cultures the rate of assimilation decreases rapidly and finally reaches 
a value of zero. The rate of ammonia production in the dark cultures is 
strikingly high. On account of the insignificant increase in growth, how- 
ever, the absolute amount of ammonia is small in these cultures. 

As is seen from the foregoing experiments the cultures under intermittent 
illumination show the closest agreement with the light cultures. The fact that 
the rates of cell division and nitrogen assimilation are in the beginning lower 
than in the light cultures is undoubtedly connected with the deficiency of 
carbohydrate which must exist during the dark periods. In other words, 
photosynthesis is the limiting factor. Notwithstanding the fact that the cul- 
tures have been exposed to darkness for half of the experimental time, there 
is not the same increase in the rate of deamination in the individual cell as 
can be demonstrated in cells which have been cultivated in the dark. A 
change between light and dark thus does not increase the capacity of the 
algae to convert organically bound nitrogen to ammonia. According to the 
previous interpretation (Algéus 1) the deamination is to some extent adaptive, 
when the amino acid serves as a source of both carbon and nitrogen (in 
the dark). Jt may be assumed that in intermittent light this dark adaptation 


will fail to appear. 


Summary 


The deamination of glycocoll by Scenedesmus obliquus has been studied 
under intermittent illumination corresponding to the natural change between 
day and night. The results agree most closely with those obtained under 
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continuous illumination, although in the beginning the number of cells and 
the amount of assimilated nitrogen per culture are somewhat lower than 
in the light cultures. Later on these differences disappear. Despite the fact 
that the cultures are exposed to darkness during half the experimental period 
there is not the same increase in the rate of deamination in the individual 
cell as can be demonstrated in cells cultivated in complete darkness. It may 
be assumed that in intermittent light the dark adaptation will fail to appear. 
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I. Introduction 


In this paper a study is reported of the antibiotic effect of a coliform 
organism upon the growth of 25 industrial important fungi, isolated from 
wood and woodpulp. In a previous preliminary report (Pehrson 1947) the 
occurrence, distribution, isolation, cultural conditions, and fungistatic pro- 
perties of the bacterium were described. In another paper (Pehrson 1948) 
the occurrence of this interesting organism in wet mechanical pulp and its 
marked fungistatic properties was considered from a practical point of view. 
In the same paper the interpretation of the antagonistic relationship between 
the different members of the microflora of mechanical pulp was discussed 
and revised in the light of recent investigations. 

As an introduction the following data from the characterization of the 
bacterium and the production of the antibiotic substance is given here under. 


The bacterium is a gram-negative, non-sporeforming, non-motile rod occurring 
single or in pairs and sometimes in chains. The size varies but generally reaches 
about 0.5 to 0:6 by 1.2 to 1.8 microns. The bacterium grows rapidly on wort agar, 
forming a thick glistening, slightly slimy stroke with a tan-grey colour on agar 
slants after, 24 hours at 35° C. Small circular colonies with a smooth surface develop 
on plates of blood-, Conradi-Drigalski-, glucose- and meat-peptone-agar. The bac- 
terium is aerobic, and in glucose broth a thick pellicle and some sediment is formed 
after a few days at 35°C. The optimum temperature is 23° C. The organism still 
grows abundantly at 35° but scantily at 45° C. Glucose and sucrose (but not lactose) 
are fermented with the production of acid at 37° C but no gas is formed. Gelatin 
is not liquefied, nor is H,S produced. The isolated strains are indole (I) and_methyl 
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red (M) negative, acetylmethylcarbinol is not produced according to the Voges- 
Proskauer-reaction (V) and the strains are capable of utilizing sodium citrate as 
the only source of carbon (C). Consequently, the IMViC characters are — —— aay 
Several strains have been isolated from groundwood pulp mills in Finland, Norway, 
and Sweden. It is interesting that all strains behave similarly and apparently belong 
to one single species. 

This part of the investigation has been carried out at the Swedish Public Health 
Institute, Public Hygiene Department. The author is very much indebted to dr. 
G. Vahlne for valuable instruction and advice and for placing laboratory acco- 
modation. 


Summarizing, it may be stated that up to date it has not been possible 
to identify the organism by name. It is most probable that an unknown, 
undescribed coliform bacterium is encountered. It is realized, however, that 
further studies may be carried out before a final classification is made. 

On liquid media the bacterium may be cultured in glucose broth or in a 
synthetic nutrient solution. Good growth and production of the substance 
is obtained on shallow layers in stationary cultures. In submerged cultures, 
aerated in Kluyver flasks or shaken in a rocking-machine, a more rapid 
development and a greater production of the antibiotic substance is obtained. 
The formation of the substance is combined with the early periods of growth. 
During the first stages of development the increase in titrable acidity closely 
corresponds with the increasing production of the antibiotic. 

Culture filtrates may be boiled without any decrease in fungistatic activity. 
Attempts have been made to isolate the active principle, but with little success. 


2. Materials and methods 


In preliminary experiments the fungistatic activity of the bacterium was 
measured. Plates were seeded with conidia of a testorganism and streaked 
from a broth culture of the bacterium (the streak-plate method) or the active 
culture medium was placed in glass cylinders on the plates (the cylinder 
plate method). After incubation the sizes of the clear zones of inhibition 
surrounding the antagonist or the small glass cylinders were measured. It 
was Clearly understood, however, that these agar methods scarcely could 
give a real information about the susceptibility of the various tested or- 
ganisms against this antibiotic. For that reason, in this study the test 
organisms have been cultured in a liquid medium in which dilutions of 
the active culture filtrate have been made. By use of this method one has been 
able to establish the possible fungicidal effect of the antibiotic substance. 


A sufficient quantity of the active culture filtrate was prepared in bubble-cultures 
in Kluyver flasks containing one liter nutrient solution. The medium was glucose 
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broth, composed as follows: meat extract 10 g, peptone 10 g, NaCl 3 g, Na, HPO, . 2 
H,0 2 g, glucose 20 g, distilled water to 1000 ml. The Kluyver flasks were oa 
with 20 ml from a culture of a good strain (Str. A,, isolated April 1947 from fresh 
pulp, Luleä, Sweden), growing in glucose broth. The production of the antibiotic 
was followed daily by the cylinder plate method against Pullularia pullulans, the 
testorganism for routine determinations in the laboratory. When the tests gave 
considerable inhibition zones against Pullularia, ic. a mean diameter of about 20 
mm, and no further production could be expected, the cultures were harvested in 
the following way. The different cultures were mixed together and treated for 
thirty minutes at 100° C in flowing steam in an autoclave on each of two subsequent 
days. After settling the supernatant fluid was decanted, centrifuged, boiled again 
and finally stored in a freezing room at 4° C. From this batch of active broth, 
samples were taken out at intervals for the control of the activity during storage. 
No decrease in the antibiotic effect could be encountered during the time the 
experiments were conducted. 

The basal liquid medium for the growth of the testorganisms was sweet wort 
diluted with distilled water to a spec. gravity of 1.04. Dilutions of the sterilized 
active broth were made with sterile wort in sterile conical flasks (Pyrex, 125 ml) 
up to a final volume of 20 ml. This technique provided many opportunities for 
contamination but it may be stated that only in a very few cases: contaminants 
occurred. The following dilutions of the active broth in wort were prepared: 1:2, 
1:4, 1:5, 1:10, 1:20, 1:40, 1:80. To one series no broth was added (control). The 
pH of the active broth and the wort was 3.5 and 4.9 respectively. Consequently, 
by mixing active broth with the wort a series of acidities was obtained from pH 4.0 
(1:2) to 4.9 (control). As fungi in general prefer a slightly acid substratum for 
good growth, and a more pronounced one for wood-attacking fungi, it was thought 
that the acidity itself scarcely could affect the growth. For control, however, an 
additional series of wort was prepared in which the pH was lowered to 4.0. For 
further control, a series of virgin broth diluted with an equal volume of wort was 
prepared, as greater amounts of broth might possibly influence the growth of the 
testorganisms. 

The conidial suspensions used for the inoculation of the flasks were prepared 
from subcultures of the testorganisms, one to two weeks old, grown on malt agar 
slants. Sterile, distilled water was pipetted into the culture tube, the conidia were 
scarped off, the suspension was diluted and filtered through cotton. The number- 
of conidia was determined and adjusted to about 120000 per ml. The flasks were 
inoculated with one-ml portions from this suspension. Inocula from the sterile 
cultures of Coniophora, Fomes and Merulius were prepared in the usual manner 
by cutting out small mycelial pieces from an agar plate culture. Care was taken 
so that the inoculum remained floating on the surface of the nutrient solution. 

There were four parallels in each series. The flasks were incubated at 22° C. The 
growth was determined by harvesting the mycelium at the end of the experiment. 
The mycelial mats were thoroughly washed and dried to constant weight at about 
95° C. The pH of the culture medium was measured electrometrically by means of 
a glass electrode before and after each experiment. 

The possible fungicidal effect of the culture filtrates was determined at the end 
of the experiments by plating one-ml samples on wort agar and counting the 
number of surviving conidia from cultures where no growth occurred. 
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3. Results and discussion 


Twentyfive wood-attacking fungal species have been tested in the present in- 
vestigation. The greatest part of them (nr 4—25, cf. Table 1) have been isolated from 
wet mechanical pulp, pulpwood, and saw-timber. They are causing serious discolour- 
ings both in pulp and pulpwood and are lowering the quality of the finished product 
but do not otherwise appreciably affect the material. Of these strains of blueing 
fungi and molds nr 4—6 belong to the order Sphaeriales among the Ascomycetes, 
nr 7 the order Sphaeropsidales and nr 8—-25 the order Moniliales among the Fungi 
Imperfecti. Moreover, some rot-fungi have been tested, all belonging to the order 


Agaricales among the Basidiomycetes. Merulius lacrimans and Coniphora cerebella 


are wéll-known wood-destroying species. The root-rot fungus, Fomes (Polyporus) 
annosus, has been included in the test as its tolerance towards soil-antibiotics is of 
interest in forest pathology (Bjorkman 1949, Enebo 1949). 

Of the tested species, the fourteen strains nr 2, 4, 6, 8, 12—15, 18, 20—24 have 
been obtained from the Centraalbureau voor Schimmelcultures in Baarn (Holland). 
The seven strains nr 1, 3, 5, 7, 9—10, 19 have kindly been given for my experiments 
by dr E. Rennerfelt, Stockholm and the strains nr 16 and 17 by prof. E. Melin, 
Uppsala. The strains nr 11 and 25 have been isolated by the author. 

The experimental results are evident from Table 1. Only some general 
comments are given in the following. 

The pH-values, determined before and after each experiment, are not 
inserted in the table. As could be expected, in most cases the pH-value has 
been altered toward greater acidity. The buffer capacity of the wort is 
very weak. During the growth of fungi which produce considerable amounts 
of. organic acids, e.g. citric or oxalic acid, the lowering of the pH during 
the experiment has also been striking. Thus, the growth of Aspergillus niger 
in the control series brought about a pH-change from 4.9 to 2.2 after 7 days. 
Exactly the same figures were obtained in the corresponding series at the 
growth’ of the rot-fungi Coniophora and Merulius after 7 and 14 days 
respectively, while the growth of Fomes annosus only led to a slight lowering 
of the pH. In a few cases a higher value than the initial pH-value has been 
found at the harvesting of some cultures. This rise in pH was probably 
caused by a commencement of autolysis as in all cases the cultures in 
question have been incubated for prolonged time. When a slight growth 
has been observed in series to which greater amounts of active broth have 
been added, it has been of interest to wait for an increase in the production 
of mycelium before the experiment was harvested. In the meantime an 
autolysis has commenced in the more rapid growing cultures, e.g. the 
control series. 

Information from neither the additional control series mentioned in the 
preceeding chapter is to be found in the table. In that control series where 
the pH was lowered to 4.0, the mycelial dry weights are smaller, equal to 
or a little greater than those obtained in the control series where the initial 
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pH-value was 4.9. The nutrient solution in the third control series was a 
mixture of equal volumes of wort and a virgin broth. The initial pH-value 
was 6.0. In most cases, the mycelium yield was somewhat smaller and in 
one case a considerably slighter growth occurred compared with the develop- 
ment in the control series with wort alone. The cause of this was probably 
the high initial pH-value, which slightly inhibited the growth. In several 
cases a mycelium yield was obtained which was equal to or greater than 
that of the control series. 

As appears from Table 1 the culture filtrates possess a considerable in- 
hibiting effect even in relatively high dilutions. Of the tested fungal species, 
it is only one, Coniophora cerebella, which is capable of growing — even if 
in small quantity — in the highest concentration of the active broth. The 
other wood-decomposing Basidiomycetes, Fomes annosus and Merulius lacri- 
mans, are both appreciably more susceptible organisms. None of them are 
able to develop in the dilution 1:20 of the culture filtrate. Resistant strains, 
besides C. cerebella, are also Ceratostomella piceae and Phialophora Ri- 
chardsiae. None of the other species tested are capable of growing in a lower 
dilution than 1:10. Nearly 50 percent of the tested fungal species is completely 
inhibited in the presence of active broth, diluted 1:40 or more. Connected 
with this information it is interesting to pay attention to the results of the 
fungicidal effect of the antibiotic, inserted in the table. As to the experi- 
ments with the rot-fungi, in which the flasks were inoculated with mycelial 
pieces it has, of course, not been possible to demonstrate directly a fungicidal 
action. It was striking, however, in the experiment with Fomes annosus that 
the undeveloped inocula sank in the series of higher concentrations of the 
active broth and apparently underwent autolysis. In the experiments with 
conidia-producing fungi, inoculated from a conidial suspension, the possible 
fungicidal effect has been established by plating. In the majority of cases 
no living conidia have been encoutered in series where growth did not 
occur. In a few cases, however, conidia have survived in such series. It was 
observed, however, that now and then conidia germinated and developed a 
thin air-mycelium on the walls of the flasks above the level of the fluid 
but could not grow in the nutrient solution. At the removal of samples for 
the determination of the number of surviving conidia, the flasks were 
rotated by routine. Possibly, it happened that conidia or fragments from 
the mycelium growing on the walls unconsciously were suspended in the 
medium. For that reason, it is difficult to judge in these cases if really the 
encountered conidia had survived in the medium. 

The marked difference in resistance against the active substance between 
the tested strains is rather remarkable and it is thought that experiment in 
this direction certainly would produce interesting results. 
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A batch of active sterile broth, stored in a freezing room, has been used 
during the whole investigation. The activity of this broth has been assayed 
at intervals and remained unaltered. No attempts have been made to work 
out a standard unit. As a simple arbitrary standard the size of the inhibition 
zones against the test strain Pullularia pullulans have been employed. The 
mean diameter of tlıe inhibition zones of this batch of culture filtrates, 
measured by the cylinder plate method, has all the time been 18 mm. 
Before material of a definite composition of the active principle is available 
and a standard unit is prepared, nothing can be stated about the activity of 
this antibiotic compared with known disinfectants. The results obtained in 
this investigation only give a relative idea of the activity of the antibiotic. 

The competition between micro-organisms and the production of antibiotics 
are today well established facts and the recognition of these phenomena 
has directed intense studies to the isolation of antagonists producing meta- 
bolic substances active against human and plant pathogens (Waksman 1947). 
The occurrence of this coliform bacterium in groundwood pulp mills and 
its marked fungicidal properties has revived the interest in biological control 
of blueing and rotting of wet mechanical pulp, first suggested by Melin 
(1933, 1934). Field results have often, however, been disappointing despite 
the promising results obtained on artificial media in the laboratory. In soil 
this seems to be due largely to the inability of the antagonists to exert their 
effects when they are confronted with a mixed microbial population. The 
most recent studies of the microbiological equilibrium in soil and the cross- 
antagonism carried out by Lochhead and collaborators (i.a. Lochhead & 
Landerkin 1949), clearly demonstrate that an antagonistic micro-organism 
to be effective, should not only be able to maintain its existence when exposed 
to the action of the soil microflora, but be able to exert its antibiotic action 
when the microbiological balance is shifted due to changes in the environ- 
ment. Thus, before more evidence is available about the antagonistic rela- 
tionships between the different members of the microflora of groundwood 
pulp, little can be concluded about the possible utilization of this organism 
for control purposes. 


Summary 


This paper deals with the inhibitory effect of dilutions of a batch of 
culture filtrates of a coliform bacterium, previously isolated and reported 
but here described more in detail. Twenty-five wood- and woodpulp-attacking 
fungal species have been tested. The antibiotic substance formed during the 
growth of this organism seems to possess general fungicidal properties. The 
material used in this investigation completely suppresses the germination and 
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growth of several species even in comparatively high dilutions. Fungal 
conidia are killed at least at higher concentrations of the material. 


_ The author is indebted to Mrs Aino Laid, Fil. mag. and Mrs Lilian Törnquist 
for valuable technical assistance. 
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The Relation between the Viscosity of the Cytoplasm, 
the Plasma Flow, and the Motive Force 


An Experimental Study 
By 
HEMMING I. VIRGIN 


University of Stockholm, Botanical Institution 
(Received May 4th, 1949) 


The object of the present study, which was partly carried out with the 
microscope-centrifuge according to the principles of Harvey and Loomis 
(1930), is to show a relation between the rate of the plasma flow and the 
size of the motive force. An account is also given of some observations on 
the rate of the plasma flow in different cells in the same portion of tissue. 


The Material and the Method 


The experimental material consisted of leaves of Helodea densa that had 
remained in the dark for 72 hours in order to stabilize the viscosity of the 
plasma (v. Stalfelt 1947, Virgin 1948). 

The microscope-centrifuge used, supplied by H. Struers Chemiske Labora- 
torium, Copenhagen, permits objective enlargements of 10 times and 30 
times. The ocular system can be changed according to the requirements. 

The enlargement used in the present investigation was 300 times. In order 
to obtain values that were to some extent comparable with those in earlier 
studies in this field (Virgin 1948) the speed of the centrifuge was confined 
to 3200 r.p.m. Since, however, the leaves in the microscope-centrifuge are 
placed in a horizontal position, a shorter time of centrifugation is obtained 
with this method than with the use of a centrifuge of the angle type. 

When leaves of Helodea densa have been kept in the dark for some time, 
the chloroplasts assume a so-called »darkness position» (known in the Ger- 
man literature as »Epistrophe»; cf. Stalfelt 1945 p. 378). They lie evenly 
distributed along the free surfaces of the cell and do not partake in any 
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plasma flow that may occur. The time of centrifugation (Virgin 1948) after 
this period in the dark is approximately 7 minutes measured with an angle 
centrifuge at 3200 r.p.m. If the cells are exposed to strong illumination 
(over 3200 lux) the viscosity value can be reduced and, vice versa, an in- 
crease in the viscosity of the plasma can be obtained by exposing the leaves 
to weak illumination (approximately 700 lux). 

On centrifugation of the leaves of Helodea densa, the greater part of the 
cytoplasm and the chloroplasts assemble after some time in the centrifugal 
ends of the cells. The looser the cytoplasm, the shorter is the time of 
centrifugation. 

Immediately centrifugation is interrupted and the chloroplasts and plasma 
are therefore no longer pressed down towards the centrifugal end of the 
cell, a plasma flow starts. This is visible in the microscope as a return 
movement of the chloroplasts along one of the side walls of the cell. The 
result of this flow is that the clump of chloroplasts and plasma is soon once 
more distributed along the sides of the cells and the cell regains its »normal» 
appearance. This return movement shows that centrifugation only has a 
reversibly destructive effect on the distribution of the contents of the cell. 
Furthermore, it is possible for the constituents of the cell to be intermingled 
to a very considerable extent without death occurring. The possibilities of 
regeneration within the cell unit are thus very great. 

The course of the changes in the cell can be followed continuously in the 
microscope-centrifuge. It can be seen that the return movement of the plasma 
and the chloroplasts starts before the end of centrifugation. We are therefore 
dealing with a motive force in the plasma that is of such an order of magni- 
tude that it is able to overcome a superimposed force (the centrifugal force) 
in the épposite direction. By decreasing the rate of centrifugation it is there- 
fore poss.ble to obtain a rate at which the plasma flow — visible as a passive 
movemr at of the chloroplasts — can be made to stagnate. An increase in 
the rate of centrifugation thus gives rise to a displacement of the plasma 
and chloroplasts towards the centrifugal end of the cell and a decrease allows 
the plasma flow to start once more. The force necessary to counteract the 
motive force in the plasma flow is found to be dependent on the consistency 
of the plasma at centrifugation. 


Experimental Results 


In the experiments reported in the following, measurements were made 
of the lowest centrifugal force to which the cell must be exposed in order 
to induce stagnation of the return flow following the end of centrifugation. 
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As a measure of the viscosity, the times of centrifugation of the plasma used 
in the experiments were 2 minutes and 15 minutes (cf. Virgin 1948). The 
high viscosity value for the plasma was obtained by exposing the material 
to weak illumination for some hours (cf. the foregoing). The low viscosity 
value is a result of exposure to strong illumination before the investigation. 

The force measured was calculated with the usual formula for centri- 
fugal force: 

A : b°? 


Centrifugal force = 
where 
A=the weight of the body affected (in this instance the chloroplast; the 


weight is assumed to be constant). 


b=the speed of the affected body in m/sec. 
g=the acceleration of the gravity constant (9.81 m/sec.?). 
r=the radius of the circular path in metres. 


The distance from the centre of the centrifuge to the specimen=8 cm. 
Ten determinations were made in each experimental series. 


Table 1. The relationship between the viscosity of the plasma and the motive force in 
the plasma flow. 


Plasma viscosity = 2 Plasma viscosity = 15 

No. of |Spéed of centrifuge when|Centri-| No. of | Speed of centrifuge when | Centri- 

determi-| movement of plasma is | fugal | determi- | movement of plasma is fugal 

nation entirely inhibited force | nation entirely inhibited force 

1 1750 r.p.m. 276A 1 | 1090 r.p.m. 106 A 

2 2120 >» 402 A 2 1700 » 260 A 

3 1890 » 321 A 3 1520 » 207 A 

4 2080 » 388 A 4 1390 » 173 A 

5 1800 » 291 A 5 1805 >» 293 A 

6 2140 >» 422 A 6 1430 » 184A 

7 2040 » 373 A 7 1560 > 218 A 

8 2180 >» 342 A 8 1490 >» 200 A 

9 2160 » 418 A 9 1380 » 171 A 

10 2240 » 452 A 10 1460 >» ; 192 A 
Mean value: 368 + 18.6 Mean value: 200 + 14.9 


It is seen from Table 1 that the force necessary to counteract the plasma 
flow is greater for plasma with a low viscosity than for that with a relatively 
high viscosity. In other words, the size of the motive force is inversely 
proportional to the viscosity of the plasma. 
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As mentioned earlier, an immediate restitution of the cell structure takes 
place after the centrifugal force has ceased to act on the cell. The centrifuged 
plasma returns to a »normal position» and is accompanied by the chloro- 
plasts. The rate of this return is also dependent on the condition of the 
plasma in question. 

In the following experiments, cells with three varying conditions of the 
plasma were studied. Measured with the angle centrifuge (rate 3200 r.p.m.) 
2, 7 and 15 minutes were obtained as the time of centrifugation=relative 
viscosity. 

Eight leaves with each type of plasma were centrifuged until the contents 
of the leaf were entirely displaced. In order to obtain the most rapid dis- 
placement possible, the speed of the centrifugation was maintained at 
4000 r.p.m. 

After cessation of centrifugation — which could be obtained practically 
instantaneously — the leaves were fixed in a solution of formaldehyde and 
chromic anhydride (according to Karpeschenko) with intervals of 15 se- 
conds between each leaf. It can be assumed in the case of such thin speci- 
mens as the leaves of Helodea (no cuticle and only two layers of cells) that 
fixation of the living substance takes place at the same moment that the 
specimen comes into contact with the fixation fluid. The position of the 
plasma and the chloroplasts in the fixed specimen therefore corresponds 
to the conditions at the moment of fixation. 

With this procedure, a series of leaves was obtained in which the position 
of the chloroplasts and plasma could be studied immediately after the 
termination of centrifugation, i.e. after 15, 30 seconds etc. up to 1 min. 45 
sec. after cessation. 

Centrifugation and fixation of the specimens took place with very weak 
red illumination without effect on the plasma. 

Approximately 25 cells were studied on each leaf. Measurements were 
made of the length of the cells and of the distance — measured by means of 
the position of the chloroplasts — covered by the movement of the plasma 
before fixation. The latter distance was measured from the shorter side of 
the cells to the chloroplasts lying most centripetally. In the first measure- 
ments (0 seconds after the end of centrifugation) the distance measured is 
therefore an expression of the thickness of the clump of plasma and chloro- 
plasts at the centrifugal end of the cell. 

Fig. 1 shows the results of the measurements. In this figure the length 
of the cells is plotted on the ordinate and the distance covered by the chloro- 
plasts (without correction for the thickness of the clump of plasma) on the 
abscissa. Only two points of time are included in the figure, i.e., 1 min. 
15 sec. and 1 min. 45 sec. after the end of centrifugation. 
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Distance covered by the chloroplasts 


ine most striking fact revealed by the study of the figure is that the rate 
of the return movement of the plasma appears to be a function of the length 
of the cell and that the relationship between the rate of flow and the length 
of the cell is in direct proportion. This is shown by the fact that the points: 
cell length | distance covered are distributed on straight lines which form 
varying angles with the abscissa. 

If the rate of flow were the same for all tine cells with the same viscosity 
value in the plasma, the lines obtained would be parallel to the ordinate, 
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Fig. 2. The rate of the plasma flow after centri- 
fugation. Abscissa: The time between the cessation 
© of centrifugation and fixation of the specimen. 
Ordinate: The rate of the plasma flow measured by 
means of the angle coefficient for the lines in Fig. 1. 
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i.e. the distance covered by the plasma would be the same in all the cells. 
It is, however, found that the longer the time elapsing between the inception 
of the plasma flow and the fixation of the cell, the greater is the slope of 
the straight line. This is due to the fact that the rate of the plasma flow is 
greater in a long cell than in a shorter one, although the condition of viscosity 
is the same in both. 

The slope in the lines in Fig. 1 is a direct measure of the rate of the 
plasma flow at the time of the measurement. That the lines for the tests 
made immediately after the end of centrifugation (time 0) also slope is due 
to the fact that no correction was made for the thickness of the clump of 
plasma after centrifugation. The slope shows that the plasma and chlorv- 
plasts occupy more space in large cells than in small. Because the cells in 
the leaf tissue are all practically of the same width whereas there are fairly 
large variations in their length, the amount of plasma in relation to the size 
of the cell can also be deduced from the slope of the line. 

If the slope of the lines is compared for different plasma conditions at 
the same point of time, it is found that the slope increases in proportion to 
a decrease in viscosity. In other words, the plasma flow is more rapid in 
plasma with a low than with a high viscosity. 

This fact is even more evident in Fig. 2, in which the relative rate of 
movement (measured by means of the angle of slope of the lines) is plotted 
against the time. It is also seen that an acceleration in the rate of flow takes 
place in the most fluid plasma. 

The relation found between the rate of flow and the viscosity is applicable 
to the return movement of the plasma after centrifugation. No statement 
can as yet be made regarding whether these conditions also apply to the 
plasma under normal circumstances. On the other hand, the results confirm 
earlier assumptions in this direction (cf. Botterlier 1934, Seifriz 1943, Scarth 
1942, etc.). 


VISCOSITY, PLASMA FLOW, AND MOTIVE FORCE 163 


Discussion 


The importance of the motive force for the speed of the plasma flow has 
been particularly stressed by Seifriz (1943). Nevertheless, as long as we are 
ignorant of the underlying mechanism, speculations regarding its effect on 
plasma of different consistencies can throw little light on the relationship. 

In the present experiments, the motive force was found to be greatest in 
the return movement of the least viscous plasma with the most rapid rate 
of flow. It can evidently be assumed that in the plasma system as well the 
force necessary to slow down a passively following particle (in this case a 
chloroplast) is determined by the motive energy of the particle. This in- 
dicates that the plasma flow is an actual displacement of a more or less 
fluid medium and not the movement of a particle in an otherwise stationary 
system as has sometimes been postulated. 

The relationship found between the rate of flow and the size of the cell 
and applicable at any rate to the return movement after centrifugation can 
possibly be associated with the transport of substance from one cell to 
another. Irrespective of their size, an equally large number of cells is passed 
by the transporting substance per time unit. 


Summary 


By means of a study of the plasma flow in Helodea densa with the 
microscope-centrifuge, it is shown that the motive force in the return 
movement of the plasma after the cessation of centrifugation is greater in 
fluid plasma than in more viscous. 

The rate of the plasma flow is inversely proportional to the viscosity of 


the plasma. 
The absolute rate of the plasma flow in the same portion of tissue is 
directly proportional to the length of the cells. 
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Amongst the phenomena able to throw some light on the synthesis and 
function of ascorbic acid in green plants, the relatively rapid decrease of 
the ascorbic acid content in darkened leaves seems worthy of special atten- 
tion. Some data on the effect of temperature upon this process, on the effect 
caused by severing of the leaves fröm the plant, and on the response to 
applied sucrose are presented in this paper. The rate of the adjustment of 
the ascorbic acid level to different light intensities was also studied in some 
experiments. 

The methods used for growing, sampling and analysing the plants have 
been described in earlier publications (Aberg 1946, Aberg & Ekdahl 1948). 
Care was taken to select newly full-grown leaves and to avoid young growing 
or senescent ones. Only the leaf blades were used for the analyses. For the 
varieties used see Aberg & Ekdahl 1948 p. 291. 


1. Parsley 


The first experiment gives some preliminary data on the effect of light 
and temperature upon the ascorbic acid content of parsley leaves. In experi- 
ments no. II and III the influence of the light factor is then further studied 
under greenhouse conditions. 
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Table 1. Ascorbic acid and dry matter content of parsley leaves under different conditions. 
On Jan. 13 the ascorbic acid content was 50 mg®/o, and the dry matter content 10.4 /e. 
Exp. 1. 
nn 


Ascorbic acid, mg Dry matter, g per 


Conditions after Jan. 13 per 100g fresh matter| 100 g fresh matter 

Jan. 20 | Jan. 27 Jan. 20 | Jan. 22 
A| Strong incandescent light .. .................. 108 122 12.4 14.0 
B| Plants darkened, placed at the side of A 41 0.5 9.4 1141 
Gieimetherplasshouse sche ecto cine senc care once 57 82 10.4 10.9 
D| As C, light intensity red. to 7 9/o............ 14 6 9.3 9.7 
E| As C, supplementary incand. light ......... 100 134 11.9 13.9 
Da eInSdarknesstate5u Gene 34 50 10.6 12.6 


Table 2. Ascorbic acid and dry matter content of parsley leaves from plants placed under 
different lath screens on Febr. 4, 1947. Exp. III. 1=relative light intensity (1—100: plants 
freely exposed in the glasshouse). R— mean daily insolation on a freely exposed horizontal 
area for the four days preceding each sampling, gcal/cm? (cp. Aberg & Ekdahl 1948 p. 314). 
nn nn sun un nn u ne u nn ne 


Ascorbic acid Dry matter 
mg per 100 g fresh matter g per 100 g fresh matter 
Date R 
I I 
100 43 18 7 100 43 18 7 
Febr. 4 92 92 92 92 11.6 11.6 11.6 11.6 19.3 
> 11 152 87 56 35 13.9 11.3 10.3 10.3 77.5 
» 14 181 90 57 35 13.6 11.2 11.5 10.5 96.7 
3221 172 92 32 13 14.8 11:9 9.3 9.3 68.1 
» 28 229 111 55 24 18.1 12.1 11.3 10.0 123.9 


Experiment I. Parsley plants were grown in 6 wooden boxes filled with soil, 
placed in the large glass house of the institute (see Äberg & Ekdahl 1948 p. 293). 
On Jan. 13, 1947, the different boxes were placed under different conditions, given 
in table 1. Boxes C, D and E remained in the glasshouse, boxes A and B were 
removed to a smaller greenhouse with artificial illumination (arranged as described 
for exp. C I in Aberg & Ekdahl 1948 p. 293), and box F was transferred to a dark 
temperature control cabinet. The fundamental influence of the light intensity and 
of the temperature is clearly shown by the data presented in table 1. 

Experiment II gives some additional information on the effect of supplementary 
light. Parsley plants were grown in daylight only or in daylight+sodium light (one 
Na-lamp, 1000 Dim, per 0.7X1.0 m; illumination period 6 p.m.—9 a.m.; the day- 
light equalized for both plots). The experiment comprised 4 replications and the 
different light treatment was begun on Jan. 24, 1946. On Febr. 11 the mean value 
for the plots with supplementary light was 102 mg ascorbic acid per 100 g fresh 
leaf blades and 42 mg for plots with daylight only. On Febr. 19 the values were 
128 and 92 mg respectively. 

Experiment III shows the time course of the decrease in ascorbic acid content 
of attached parsley leaves when placed in reduced light intensities. The plants 
were grown in flat wooden boxes with soil. On Febr. 4, 1947, leaf samples were 
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Fig. 1. The decrease of the ascorbic 
acid content of attached parsley leaves 
when placed in lowered light intensities. 
Exp. IL 7=rel. light intensity. The 
values are given as per cent of the 
3=7 content of the unscreened plants (I= 
100). 


Ascorbic acid content, relative values 


Table 3. Ascorbic acid and dry matter content of attached parsley leaves, placed in 
darkness at 5 and 15° C. Exp. IV. 


| Ascorbic acid 
Dry matter, g per 
Number of days mg per 100 g 100 g fresh matter 
in darkness fresh matter CR 
52 15° 5° 15 By 15, 
0 215 215 100 100 18.0 18.0 
2 178 91 83 42 15.4 12.8 
4 155 39 72 18 14.3 12.9 
7 141 11 66 5 = — 
10 115 7 54 3 16.0 12.8 
21 87 — 40 — 16.3 — 


taken and different lath screens (Âberg 1946 p. 250) were placed over the boxes. 
The results of the experiment are presented in table 2, and visualized with the help 
of relative values in fig. 1. Apparently the decrease continues for more than two 
weeks at the lower light intensities, but the variation in the absolute light inten- 
sities makes a detailed interpretation of the curves difficult. It is also possible that 
the light effect is conditioned in two ways, viz. by a direct influence on the ascorbic 
acid synthesis and indirectely by the influence on the structure of the developing 
leaves. 


As shown already by exp. I the temperature has a profound influence 
upon the rate of the ascorbic acid decrease. This phenomenon is most easily 
studied for completely darkened plants, as done in exps. IV, V1 and IX. 


Experiment IV. Parsley plants were grown in flat wooden boxes with soil under 
ordinary greenhouse conditions, On Oct. 20, 1947, the plants were sampled (10 
a.m.) and the boxes were then immediately moved from the glasshouse to dark 
temperature control cabinets for 5° and 15° C respectively. During the following 
three weeks the ascorbic acid content of the leaf blades was determined every 


other or every third day. The sampling was done at 10 a.m. The results are presented 
in table 3. 
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Fig. 2. The decrease of the ascor- 
bic acid content in detached (D) 
and attached (A) parsley leaves at 
5° and 15°C. At the start of the 
experiments (no. V and VI) the 
plants were darkened; the broken 
line represents plants which were 
returned to the glasshouse on the 
9th day. Each point represents the 
average of two samples or a total 
of more than 20 leaves. 
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Fig. 3. T'he decrease of the ascor- 
bic acid content in detached (D) 
and attached (A) parsley leaves. 
Exp. VII. 15°C. Darkness. Each 
point represents the average of 
two samples or ‘a total of 20 
leaves. 


Ascorbic acid content, relative values 
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Experiment V. Parsley plants, grown in Mitscherlich containers (8 containers 
from one of the fertilization levels in exp. C I, Aberg & Ekdahl 1948 p. 293) were 
on Febr. 9, 1946, transferred to a dark temperature control cabinet at 15° C. The 
ascorbic acid content of the fresh leaves was at the start of the experiment 95 mg®/o. 
The decrease during the following 16 days is shown in fig. 2. After 9 days four of 
the containers were replaced in the glasshouse; they are represented by a broken 
line in the figure. x 


All experiments hitherto described refer to attäched leaves only. In experi- 
ment VI the temperature effect on detached leaves is studied. The deviation 
of the results from those found in experiments IV and V led to the direct 
comparison of attached and detached leaves in experiments VII and VIII. 


Experiment VI. Parsley leaves were on Jan. 21, 1946, detached from the plants 
(grown for exp. M I, Aberg & Ekdahl 1948 p. 292) and placed with the petioles 
dipping into water. These leaves were then transferred to dark temperature control 
cabinets at 5° and 15° C. Samples of the leaf blades were analysed at the start of 
the experiment (131 mg®/o ascorbic acid) and then after 5, 9 and 14 days. The 
results are presented in fig. 2 (the curve »D, 5» proceeds to 35.3 per cent after 28 
days, and to 15.7 per cent after 32 days). 

Experiment VII. The material used in exps. V and VI was fairly well comparable 
but not grown under identical conditions. Another experiment with detached and 


168 BORJE ABERG 


= 
an 
fo) 
à. + 


Fig. 4 The ascorbic acid content of 
detached parsley leaves as per cent of 
attached control leaves. Exp. VIII. Ordi- 
nary daylight. Each point represents the 


= average of duplicate samples. 
2 4 6 days 


Ascorbic acid content, per cent of contro/ 


Table 4. The uscorbic acid content of darkened parsley leaf blades, floating in water at 
different temperatures. Exp. 1X. Each value represents the average of duplicate samples. 


Ascorbic acid 
Number 
of days mg per 100 g fresh matter | rel. values 
in darkness 
De 20° 35° | 5° 20° 357 
0 251 251 251 100 100 100 
1 240 210 211 96 84 84 
2 239 189 111 95 75 44 
4 233 151 — 93 60 — 


attached parsley leaves was therefore made. The plants were grown in flat wooden 
boxes which were transferred to the dark cabinet (15° C) on March 21, 1949; 
simultaneously c. 100 leaves were severed from the plants and placed with fhe 
stalks in water. The results are presented in fig. 3; the ascorbic acid content of the 
leaf blades at the start of the experiment was 180 mg?/o. | 

Experiment VIII. In order to study the behaviour of detached and attached 
leaves under ordinary light conditions an experiment was started in the glasshouse 
on Febr. 19, 1946. The material was similar to that used in exp. V. The results 
are presented in fig. 4. The ascorbic acid content of the attached leaves increased 
during the experiment (from 174 to 233 mg®/o). 


The remaining experiments were made with detached leaves only. Samples. 
of leaf blades (c. 2 g) were weighed and placed in Petri dishes with water 
or with a 10 per cent sucrose solution. Experiment IX comprised leaf blades 


in water at different temperatures. In experiments X and XI the effect of 
sugar feeding was studied. 


Experiment IX. Samples of leaf blades from plants grown under ordinary green- 
house conditions were on Febr. 24, 1948. weighed and placed in Petri dishes with 
water. Six dishes were placed at each of the temperatures 5°, 20° and 35°C in 
dark temperature control chambers. Two samples were analysed immediately and 
two from each chamber after 1, 2 and 4 days. The results are given in table 4. 

Experiment X. Material and methods as in exp. IX. Temperature 20° C. First 
sampling on Jan. 27, 1948. The results are presented in table 5. On the 6th day the 
leaf blades were tested for starch by the iodine method; a positive reaction was 
obtained for the leaves floating in 10 per cent sucrose solution only. 
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Fig. 5. Changes in the ascorbic acia 
content of parsley leaves, floating in 
water (W) or 10 per cent sucrose solu- 
tion (S). Darkness. 20° C. Average result 
from exps. X and XI. 


Ascorbic acid content, relative va/ues 


6 gays 


Table 5. The ascorbic acid content of darkened parsley leaf blades, floating in water or 
10 per cent sucrose solution at 20° C. 


Experiment X Experiment XI 
Ascorbic acid Ascorbic acid 
Number of days — 
in darkness mg per 100 g mg per 100 g 
fresh matter rel. values fresh matter rel. values 
water | sucrose | water | sucrose | water | sucrose | water | sucrose 

0 91 91 100 100 113 113 100 100 
2 55 110 61 121 55 127 49 112 
4 32 119 35 131 25 131 22 115 
6 13 112 15 123 11 83 10 73 


Experiment XI. Material and methods as in exp. X. First sampling on Febr. 10, 
1948. The results are presented in table 5. The average curves obtained from exps. 
X and XI are shown in fig. 5. 


The results with parsley plants may be summarized and commented in 
the following way. 

The ascorbic acid content of the leaves is strongly influenced by the light 
conditions (cp. the results with tomato and kale, Äberg 1946). In lowered 
light intensities or in darkness the content decreases at a fairly rapid rate 
which can be influenced by various external factors. 

The adaption to lowered light intensities (exp. III) seems to be more rapid 
at first, perhaps followed by a slower phase which is partly dependent upon 
structural changes in the newly developed leaves. 

A more close study was made for wholly darkened plants or leaves. As 
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shown in fig. 6 for exps. IV and VI the first part of the process can be 
approximately described as a first-order reaction. In later stages the process 
is often slowed down considerably and other deviations also occur. In order 
to make an easy survey possible the velocity constants (k) and periods of 
half-life (4) have been calculated for the pertinent experiments (table 6). 
For exp. IX the values are fairly uncertain because of the short experimental 
period and the slow decrease especially at 5° C. 

It is interesting to note the difference of the temperature coefficients for 
the different experiments: 


Exp. IV (attached leaves): Q,, (5—15° C) =6.1. 

Exp. VI (detached leaves): » » = 2.6. 

Exp. IX (leaf blades in water): Q,, (5—20° C)=6.1. Q,,=c. 3.3. 
» (20-35 C)=3.0.-" 3 =c 21. 


The Q,o-values for detached leaves lie within the range for ordinary 
chemical reactions and respiratory processes (Stiles 1936 p. 138), while the 
higher value for attached leaves may indicate that growth processes {L.c. 
p. 345—348) are involved in the complex system leading to the rapid de- 
crease of the ascorbic acid content. —- In this connection it should be 
mentioned that Somers, Kelly & Hamner (1948 p. 62) calculated temperature 
coefficients for the decrease in ascorbic acid content in darkened turnip leaf- 
discs. It is suggested that the fairly uncertain values, ranging from 1.4 to 


4.3, »indicate that the overall rate is determined by ordinary thermal 
reactions». 
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Table 6. Velocity constants (k) and periods of half-life (#1) for the decrease of ascorbic 

acid in darkened parsley leaves under different conditions. A—attached, D—detached 

leaves, with the petioles only dipping into water (Da) or with the blades floating in 
water (Dw). 


oo 


k tı, days 
Experiment = 4 
5° 152 20° 352 Om 152 202 35° 
IV, first 7—10 days | A 0.069 | 0.42 == = 10 157 == == 
wi 9 » A — 0.3 — — — 2 == 
nice: Vu A — | 053 | — = — 13 |= 
Wil As L7- 10. { ed et bu Rent | th | a rs: 
VE 14 > Da | 0.039 | 0.10 = — 18 7 = — 
IX, » 2—4 » Dw | 0.023 — 0.14 0.42 30 — 5.0 157 
Xone >. 6 » Dw _- — 0.13 - 53 
XI, » 6 > Dw — — 0.16 4.3 — 


The material used for the different experiments has naturally not been 
quite comparable, but the results are fairly well reproducible as will be 
apparent from the values of table 6. 

The much more rapid decrease in attached leaves than in detached ones 
has been shortly mentioned previously (Âberg 1946 p. 257). As no ascorbic 
acid could be detected in the water surrounding the stalks of detached 
leaves (tomato, l.c. p. 258) the result was interpreted as dependent upon 
the cessafion of the translocation of ascorbic acid from leaves which have 
been severed from the plant. The same interpretation can be applied to the 
illuminated plants (exp. VIII), for which some evidence was found of a 
more rapid accumulation of ascorbic acid in the detached leaves than in 
attached ones. 

The experiments no. X and XI, finally, clearly show that the decrease 
of the ascorbic acid content of darkened, detached leaves can be considerably 
delayed by application of sucrose. During the first few days there is even. 
evidence of an ascorbic acid synthesis under these conditions. 


2. Spinach 


The experiments made with spinach leaves have given results of the 
same type as those obtained for parsley leaves. Experiment XII shows the 
decrease of the ascorbic acid content at lowered light intensities. The effect 
of supplementary light was also studied. An experiment analogous to no. II 
but started at a later date, gave after 7 days different light treatment (Febr. 
21—28, 1946) 55 mg for the plots illuminated with sodium light and 41 
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Fig. 7. The decrease of the ascorbic acid content of 
attached spinach leaves when placed in lowered light 
intensities. Exp. XII. J =rel. light intensity. The 
values are given as per cent of the content of the 
unscreened plants (/=100). 


Ascorbic ead content, relative values 


2 DEZ. 13 \Gdays 


Table 7. Ascorbic acid and dry matter content of spinach leaves from plants placed under 
different lath screens on April 9, 1947. Exp. XII. I=relative light intensity, R— mean daily 
insolation, see tab. 2. 


Ascorbic acid Dry matter 
mg per 100 g fresh matter g per 100 g fresh matter 
Date R 
I I 

100 43 18 7 100 43 | 18 las 
April 9 76 76 76 76 97 9.7 97 97 213.1 
> 84 82 69 1 10.8 10.0 8.8 8.3 255.2 
14 90 71 57 53 11.5 10.0 8.8 8.5 295.8 
» 16 94 69 44 37 11.7 10.4 8.4 7.9 240.2 
» 18 87 66 37 31 12.1 31:1 8.7 8.0 248.3 
» 22 87 71 37 15 12.2 11.8 8.5 6.9 275.5 
» 25 83 62 33 18 12.0 10.3 5.3 7.4 280.0 


mg°/o fot the controls. Other experiments made in Nov., Dec. and Jan. gave 
somewhat puzzling results which were probably connected with the slow 
decrease of the ascorbic acid content of leaves already developed under better 
light conditions. On a plot that was totally darkened on Jan. 10 the ascorbic 
acid content had only decreased to 48 per cent of the original value after 
17 days. 

Experiment XII was made with the same lath screens as used in exp. III. The 
plants were sown on Febr. 17, 1947, and the shading was begun on April 9. The 
results are presented in table 7 and fig. 7. On April 25 some of the plants were 
flowering. 

The other experiments show the effect of temperature on the ascorbic 
acid decrease in darkened, attached or detached leaves (nos. XIII—XV) and 
the effect of sugar feeding (no. XVI). 


Experiment XIII was made simultaneously with exps. IV and XVIII. The results 
are presented in table 8. 
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Table 8. Ascorbic acid and dry matter content of attached spinach leaves, placed in 
darkness at 5° and 15° C. Exp. XIII. 


ee 
Ascorbic acid 


Number of days Dry matter, g per 


mg per 100 
ae a meas Pel values 100 g fresh matter 
5° 152 | 5% 15° 5 15% 
A CR ee eee LCR: 

0 83 83 100 100 117 11.7 
2 as 36 85 44 10.3 10.9 
4 62 25 75 30 10.9 9.3 
7 53 11.7 64 14 — — 
10 48 9.6 58 12 12 10.8 
14 34 3.8 40 5 — — 
21 23 — 27 — 10.2 — 


Table 9. The ascorbic acid content of darkened spinach leaf discs, floating in water at 
different temperatures. Exp. XIV. Each value represents the average of duplicate samples 
or a total of c. 100 discs. 

a eS 


Number of Ascorbic acid 
se in mg per 100 g fresh matter rel. values 
arkness 
S| 15° 2574) 35) | ase | 25°.) 35° 
0 66 66 66 66 100 100 100 100 
1 51 42 26 4 am 63 39 6 
2 42 28 7 — 63 42 10 — 
3 35 20 4 — 52 30 6 — 
5 31 9 — — 47 14 — — 


Experiment XIV was made with circular pieces of leaf blades, with a diameter 
of 20 mm and weighing c. 0.1 g each. They were cut out of the leaves by means 
of a cork borer, weighed up into 5 g portions, and placed in Petri dishes with 
water. The dishes were kept in darkness at different temperatures and samples 
were analysed at regular intervals (table 9). The experiment was started on April 7, 
1948, and the material came from plants grown under ordinary greenhouse con- 
ditions. 

Experiment XV. Young spinach plants with two full-grown leaf pairs were on 
Oct. 7, 1948, transferred from the glasshouse to a dark temperature control cabinet 
at 15° C. Simultaneously one leaf of the second pair was severed from each plant 
and placed with the stalk dipping into water. The detached and attached leaves 
were then sampled and analysed at regular intervals (fig. 8). On the 6th day the 
plant material was replaced in the glass house and sampled again after 3 further 
days. At the start of the experiment the ascorbic acid content of the leaves was 
67 mg°/o. a 

Experiment XVI, Samples of spinach leaf blades (4 g, representing 10 leaves) 
from plants growing under ordinary greenhouse conditions were on April 4, 1949, 
weighed and placed in Petri dishes with water or with a 10 per cent sucrose solu- 
tion. The dishes were kept in darkness at 15°C. Two samples were analysed 
immediately and the other samples after 2, 4 and 7 days respectively. The results 
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Fig. 8. The decrease of the ascorbic acid con- 
tent in detached (D) and attached (A) spinach 
leaves at 15° C. At the start of the experiment 
(no. XV) the plants were darkened; on the 6th 
day they were retransferred to the glasshouse, 
this last phase of the experiment being repre- 
sented by a broken line. 


Ascorbic acid content, relative values 
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Fig. 9. The decrease of the ascorbic 
acid content of spinach leaf blades float- 
ing in water (W) or 10 per cent sucrose 
solution (S). Exp. XVI. 15° C. Each point 
represents the average value for two 
samples or a total of 20 leaves. 


Ascorbic acid content, ng % 


are shown in fig. 9. On the 7th day some leaves were tested for starch by the 
iodine metod. Positive reaction was obtained for the sugar leaves only, and was 


localized mainly to the cut margin of the leaf blades and to the neighbourhood of 
the coarser veins. 


The results need no lengthy discussion. The increase of the length of the 
adaption period with decreasing light intensity is well shown by fig. 7. A 
convenient survey of the temperature effects and the effect of severing the 
leaves from the plant can be obtained by the calculating methods already 
used for parsley (table 10). It should be emphazised, however, that rather 
large deviations from the rate of a first-order reaction occur. 

From table 10 it is clear that the partial submersion of the leaves in 
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Table 10. Velocity constants (k) and periods of half-life (t1) for the decrease of ascorbic 
acid in darkened spinach leaves under different conditions (indicated as in table 6) 


SSS 


| 
k ti, days 
Experiment id 
52 > 25° 52 15° 25° 
a A ER Fuer in ©) | RUN ee 0 
XII, first 7 days A 0.07 0.29 — 10 2.4 — 

A — 0.35 — — 2 — 
> a ee { Da — 0.14 = = 5 — 
XIV, 2375 Dw 0.21 0.44 0.94 3.3 1.6 0.7 
D QE DE CES 5 Dw — 0.58 — — 1.2 — 


Table 11. Ascorbic acid content etc. of lettuce plants. Exp. XVII. N — number of days 
under different light conditions. 


Ascorbic acid, mg per Dry matter, g per Average leaf 

100 g fresh matter 100 g fresh matter weight, g 

N- AIR a ON abus ss ose 
Incand Light. 227721 21 24 235.2 5.0|5.5.5.5 116.62. 11.92.17 | 1-9 
Daylight only ............... 22 | 10 | 10 7 | 10 |5.0 | 4.1 | 41 |4.2 | 4.0 | 1.9 | 1.3 | 1.4 


exps. XIV and XVI (or as yet unknown conditions in the leaf material) must 
have caused a strong increase of the rate of ascorbic acid loss, which is 
even stronger than the difference for attached and detached leaves (exp. XV). 

The comparison of the temperature coefficients for detached and attached 
leaves gives, notwithstanding the complications just discussed, the same 
result as for parsley: 


Exp. XIII (attached leaves): Q,, (5—15° C) =4.1. 
Exp. XIV (detached leaves): » » =2.1. Q,, (15—25° C) =2.1. 


3. Lettuce 


With lettuce leaves the same types of experiments as for parsley and 
spinach have been performed. 


Experiment XVII. Young lettuce plants were grown with supplementary light 
(incandescent lamps, arranged as described for exp. C I, Aberg & Ekdahl 1948 
p. 293). On Dec. 5, 1946, some of the boxes with plants were transferred to the 
large glasshouse of the institute, where they were illuminated with daylight only. 
The results, presented in table 11, show that the ascorbic acid and dry matter 
content of the leaves have reaehed their new level within 4 days after the change. 
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Table 12. Ascorbic acid and dry matter content of attached lettuce leaves, placed in 
darkness at 5° and 15° C. Exp. XVIII. 
a _  ___________L—— 


Ascorbic acid 


mune a Dry mätter, g per 
umber of days mg per 100 | 100 g fresh matter 
in darkness Er sere RC 
5° 15° 5° 15° 5° 15° 
0 41.4 41.4 100 100 6.9 6.9 
2 32.6 17.7 Th, 43 6.5 6.0 
4 10.4 6.8 24 16 5.7 5.8 
7 5.5 3.2 13 8 — — 
10 4.9 154 12 4 6.1 5.2 
14 2.2 0.7 5 2 — = 


Table 13. The ascorbic acid content of lettuce leaf pieces, floating in water at different 
temperatures. Exp. XX. Each value represents the average of duplicate samples or a total 
of c. 80 leaf pieces. 


Norte Ascorbic acid 
days in mg per 100 g fresh matter | rel. values 
darkness 
5° | 15° | 25° | 35° | 5° | 15° | 25° | 35° 
0 31.2 | 31.2 | 31.2 | 31.2 | 100 | 100 | 100 | 100 
1 26.6 | 17.3 8.9 1.7 85 55 28 5 
2 23.3 | 10.2 2.1 — 75 33 7 — 
3 14.2 5.0 — — 45 16 — — 
5 10.5 1.2 — — 34 4 — — 


Table 14. Velocity constants (k) and periods of half-life (tı) jor the decrease of ascorbic 
acid in darkened lettuce leaves under different conditions (indicated as in table 6). 


k ti, days 

Experiment 2 
go> Ie NI ae: 
XVIII, first 4—7 days| A 0.30 0.45 — 2.3 1.5 — 
nn A — 0.48 = — 1.4 _ 
XIX, » 46 2 Das 0.25 u = 2.8 = 
RE 2.28 Sw Ce 0.41 _ un 17 = 
XX, » 2—5 » | Dw 0.22 0.58 1.31 3.2 1.2 0.5 


Experiment XVIII was made simultaneously with exps. IV and XIII. The results 
are presented in table 12. 

Experiment XIX was made simultaneously with exp. XV. The detached leaves 
were placed vertically in wide glass beakers with their bases dipping into a thin 
layer of water. The results are presented in fig. 10. At the start of the experiment 
the ascorbic acid content of the leaves was 38 mg. 

Experiment XX was made with pieces of leaf blades, floating in water in Petri 
dishes. The material was taken from plants growing under ordinary greenhouse 
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Fig. 10. The decrease of the ascorbic acid con- 


tent in detached (D) and attached (A) lettuce 
leaves at 15° C. At the start of the experiment 
(no. XIX) the plants were darkened; on the 6th 
day they were retransferred to the glasshouse, 
this last phase of the experiment being repre- 
sented by a broken line. 


Ascorbic acid content, relative values 
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Fig. 11. The decredse of the ascorbic acid content of 
lettuce leaves floating on water (W) or 10 per cent 
sucrose solution (S). Exp. XXI. 15°C. Each point 
represents the average value for two samples or a 
total of 20 leaves. 


Ascorbic acid contené mg % 


1 3 days 


conditions on April 14, 1948, each sample (c. 5 g) comprising about 40 leaf pieces. 
The samples were kept in darkness at different temperatures, and analysed at 
regular intervals (table 13). 

Experiment XXI was started simultaneously with exp. XVI, the samples weighing 
6 g and representing 10 leaves. The leaves were floating on water or sucrose 
solution in large Petri dishes, with the upper side against the solution. As previous 
experiments had shown a rather short life period for such detached lettuce leaves 
the samples were analysed after one and three days (fig. 11). Two additional 
samples, however, were fully turgescent after 7 days, when they were tested for 
starch. A rather weak reaction was obtained for the sugar leaves, but not for the 
water leaves. The coloration was localized to the neighbourhood of the veins. 


The main results are fully comparable to those already obtained for 
parsley and spinach. For the sake of comparison velocity constants and 
periods of half-life have been calculated and tabulated (table 14) in the 
same manner as for these plants. 
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Table 15. The ascorbic acid content of tomato leaflets, floating in water at differert 


temperatures. Exp. XXII. Each value represents the average of duplicate samples or a 


total of c. 30 leaflets. 


Number of Ascorbic acid 


Fe in mg per 100 g fresh matter rel. values 
arkness 
se (PUGS) 25% | 38° 2:50 Sethe ae 2h ar 


86 86 86 


86 100 100 100 100 
102 87 81 75 


119 101 94 87 
114 108 86 = 
139 101 65 = 
136 81 = >= 


98 92 74 
120 86 56 
1017 69 = 


Qt © D & 


Table 16. Ascorbic acid content of detached tomato leaves, floating in water (W) or 10 

per cent sucrose solution (S), and placed in darkness at different temperatures. In exp. 

XXIII the values represent single samples of 10 leaflets, in exps. XXIV and XXV duplicate 
samples of c. 8 leaflets each. 


Ascorbic acid, mg per 100 g fresh matter 


Number of 


days in XXII XXIV XXV 
darkness 20° C TC 15° € BG 1€ 
WEES W | s Ww S W S Ww S 

0 51 51 65 | 65 65 65 73 73 73 73 
1 38 41 73 72 48 63 Le ie 62 ie | 
2 31 34 78 83 56 59 95 | 87 68 57 | 
3 = = — m 52 — 0} poet) 083 65 45 
4 = = = = — = 100 | 92 63 49 


The temperature coefficients (Q,,) for detached leaves (exp. XX) lie 
within the range 2—3, whereas the value for attached leaves (exp. XVIII) 
is remarkably low. An inspection of table 12 will show, however, that the 
rate of the ascorbic acid decrease at 5° C is very irregular. Further data 
are thus necessary before the question about this Q, -value can be settled. 

The effect of immersion of the detached leaves seems to be the same as 
for spinach. The leaves of exp. XXI hold an intermediate position in this 
respect, as they are floating on the water with only one side wetted. 


4. Tomato 


Several experiments with tomato plants, grown under various light and 
temperature conditions, have previously been published (Aberg 1946). Some 
further experiments, with detached leaves only, will be described here. 


Experiment XXII was made with leaflets from plants growing in small pots under 
ordinary greenhouse conditions. On April 21, 1948, they were detached from the 
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Fig. 12. The course of the ascorbic acid change 
in detached tomato leaves floating in water at 
5° and 15° C. Darkness. Average values for exps. 
XXII, XXIV and XXV. 


Ascorbic acid content, relative values 


1 2 3 4 5 days 


plants, weighed and placed in Petri dishes with water. Two samples (c. 4 g each) 
were analysed immediately and the others were placed in darkness at different 
temperatures. The results are presented in table 15. 

This experiment gives quite another picture of the ascorbic acid balance 
in detached, darkened leaves than the results previously found for parsley, 
spinach and léttuce. Thus there is a conspicuous synthesis of ascorbic acid 
in the leaflets held at 5°C, and even at 15°C the ascorbic acid content 
increases at first. For attached tomato leaves a fairly rapid decrease has 
been found (Aberg 1946 p. 255; ki5o=c. 0.30, t,=c. 2.3 days). 

Experiment XXIII is a preliminary test of the influence of sugar feeding upon 
detached tomato leaflets. The experiment was started on Jan. 22, 1948, and the 
leaves were faken from plants receiving artificial illumination. The results are 
presented in table 16. After two days the S-leaves as well as the W-leaves showed 
conspicuous starch reaction. 

Experiment XXIV was made with leaflets from vigorous, strongly fertilized plants 
growing in boxes with soil under ordinary greenhouse conditions. It was started 
on May 19, 1948, and the results are given in table 16. 

Experiment XXV is a repetition of exp. XXIV with material from the same plants. 
It was started on May 25, 1948, and the results are presented in table 16. 

From the W-values of table 16 it is apparent that the increase of the 
ascorbic acid content of darkened, detached tomato leaves at 5°C is a. 
regularly occurring phenomenon. At 15°C the results are more’ variable, 
a decrease during the first day being foHowed by an increase during the 
second day in both experiments. The course of the ascorbic acid change at 
5° and 15° C has been visualized in fig. 12. which shows the average from 
experiments XXII, XXIV and XXV. At higher temperatures there is a 
definite decrease of the ascorbic acid content, though the rate of this de- 
crease seems to vary with the material used. It is thus more rapid at 20° C 
in exp. XXIII than at 25° and even 35° C in exp. XXII. 

The effect of sugar feeding is slightly positive in exps. XXIII and XXIV, 
but in exp. XXV it changes from positive on the first day to negative on 


the later days. 
12 
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Fig. 13. The decrease of the ascor- 

3-8 bic acid content of attached kale 
leaves when placed in lowered light 
J=5 intensities. Exp. XXVI. I=trel. 
light intensity. The values are 
given as per cent of the content of 


unscreened plants (/=100). 


Ascorbic acid content, relative values 


31:56 10 17 23 30 days 


Table 17. Ascorbic acid and dry matter content of kale leaves from plants placed under 
different lath screens on April 19, 1947. Exp. XXVI. I=relative light intensity. R=mean 
daily insolation, see tab. 2. 


Ascorbic acid Dry matter 
mg per 100 g fresh matter g per 100 g fresh matter 
Date R 
I I 
100 33 8 3 100 33 8 3 
April 18 121 121 121 121 13.9 13.9 13.9 13.9 248.3 
» 22 122 92 99 88 14.5 13.5 11,7 10.3 275.5 
DE 119 83 81 74 15.5 12.2 10.7 10.0 280.0 
229 103 55 61 47 14.1 10.5 ell 9.0 225.2 
May 6 126 83 52 38 14.3 — 8.9 8.6 387.9 
» 12 119 72 51 33 14.9 11 8.2 11 446.3 
» 19 116 91 51 36 15.6 12.0 8.1 1:2 401.2 
5. Kale 


Only one experiment comparable to no. III (parsley) and no. XII (spinach), 
but made with other lath screens, should be reported here. The same trend 
as was observed in those experiments is apparent here to: the length of the 
adaption period increases with decreasing light intensity. 


Experiment XXVI. Plants sown on Febr. 4, 1947. Grown in flat wooden boxes 
with soil. The lath screens were applied on April 19, one day after the first 


sampling. The samplings were done at 10 a.m. The results are presented in table 
17 and fig. 13. 


6. Discussion 


In a previous communication (Äberg 1946 p. 264) it was suggested that 


two different modes of ascorbic acid production in plants should at present 
be kept apart: 
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1. The light-independent synthesis during the germination. 
2. The light-conditioned formation in the green, photosynthetically active 
parts. 

The first process probably starts from carbohydrates already present or 
synthesized from other stored foods during the germination, though the 
possible presence of special precursors (Reid 1941) may complicate the 
situation. Several investigators also found a stimulation of the ascorbic acid 
synthesis during germination by the presence of various sugars (Ray 1934, 
Reid 1938, Sugawara 1941, Ahmad et al. 1946). Ray and Sugawara only 
give their results as mg ascorbic acid per unit fresh weight, however, and 
an inhibiting effect on the growth of the seedlings could thus easily be 
mistaken for an increased synthesis. In fact, Ray found the highest ascorbic 
acid content in the presence of mannose which gave poor growth. 

For green leaves, which are the main site of the light-conditioned synthesis, 
the previous data on the effect of sugar feeding are even more scanty. The 
only relevant experiments to be found in the literature seems to be those 
of Rubin et al. (1939) which give some indications of a more rapid ascorbic 
acid synthesis in wheat leaves infiltrated with sugar solutions than in control 
leaves. 

In the present experiments sucrose application led to a nearly complete 
arrest of the ascorbic acid decrease in darkened spinach and lettuce leaves 
(figs. 9 and 11), and for parsley leaves the decrease was changed to an 
initial increase (fig. 5). For tomato leaves the effects of sucrose feeding are 
less conspicuous. Instead there is an increase of the ascorbic acid content 
in darkened leaves at 5° C (fig. 12) which may easily be interpreted as the 
result of a high sugar concentration. It seems namely safe to assume that 
in the system starch= sugar the equilibrium will be shifted to higher sugar 
concentrations with decreasing temperature (for pertinent studies on leaves 
see Tollenaar 1925 p. 128, Spoehr & Milner 1939 p. 70). 

The results just discussed points to the existence in green leaves of a 
system which is able to transform sucrose to ascorbic acid. It also seems 
that further studies on the effects of various sugar types should be prefer- 
ably made with detached leaves, as the original carbohydrate reserves are 
more rapidly depleted in such a material than in seedlings. 

On the other hand it should be premature to postulate that the normal, 
light-conditioned ascorbic acid synthesis in green leaves starts from sucrose 
or glucose. In the in vitro-synthesis of ascorbic acid from glucose (Haworth 
& Hirst 1939 p. 172) this molecule undergoes fairly complicated changes, 
and the possibilty remains that the in vivo-synthesis results from con- 
densation of substances with shorter carbon chains (cp. Helferich & Peters 
1937, Galli 1946 p. 168). These substances may then be produced either 
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directly as intermediates in the photosynthesis or indirectly by partial de- 
composition of stable hexoses. 

The existence of a light-independent synthesis in green leaves with ample 
carbohydrate reserves makes it more difficult to arrive at a balance sheet 
for their ascorbic acid metabolism, as the decrease in darkened leaves cannot 
longer be taken as a measure of the destructive processes. Before these can 
be estimated and compared with the results from in vitro-experiments on 
ascorbic acid oxidation and decomposition, it must be tried to get a measure 
for the synthesis going on in the dark. Perhaps it may be possible to cor- 
relate the rate of this synthesis with the sugar concentration in the leaves. 

The problem of the ascorbic acid translocation from the leaves is also 
complicated, as the slower decrease in detached leaves may also be inter- 
preted as an indirect effect, caused by the slower decrease of the carbo- 
hydrate reserves and the resulting higher sugar concentration. 

The temperature effects need no further discussion, and a discussion of 
the differences between the various species used for the experiments must 
be postponed until further data on the rates of the light-independent synthesis 
are available. Preliminary investigations as to the ascorbic acid oxidation 
in leaf extracts have been made and it may be mentioned that the crude 
extract of lettuce leaves containes a highly active polyphenolase system, 
while the oxidation in tomato and parsley extracts in considerably slower. 
In crude extracts of spinach leaves the ascorbic acid is almost stable. In 
spite of this a polyphenolase system is probably present, but is inhibited by 
oxalic acid in the crude extract. 


7. Summary 


1. The rate of the adaptation of the ascorbic acid content to lowered light 
intensities has been studied for parsley, spinach and kale plants (exps. III, 
XII and XXVI). The adaptation period increases with decreasing light in- 
tensity, and is perhaps conditioned by morphological as well as metabolic 
factors.. 

2. Some experiments on the effect of supplementary artificial light on 
the ascorbic acid content of parsley (exps. I and II), spinach (p. 171) and 
lettuce (exp. XVII) show strong positive effects esp. for the midwinter period. 

3. The rate of the ascorbic acid decrease in detached darkened leaves 
rises with the temperature, the Q,,-values lying in the range from 2 to 3 
(parsley, spinach, lettuce), thus indicating that ordinary chemical reactions 
are involved. 

4. For attached leaves the Q,,-values may rise to 4—6 (spinach, parsley), 
thus indicating that growth processes are perhaps involved in the complex 
system leading to the more rapid decrease in attached leaves than in detached 
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ones (direct comparisons made for parsley, spinach and lettuce leaves; figs. 
3, 8, 10) or to an initially higher content in the detached leaves when 
illuminated (parsley, fig. 4). 

5. There are indications of an increased ascorbic acid loss in leaves that 
are submerged to a considerable extent (spinach, lettuce). 

6. When the darkened leaves are floating in a 10 per cent sucrose solution 
instead of water, the decrease of their ascorbic acid content is almost arrested 
(spinach, lettuce) or changed to an initial increase (parsley). 

7. For detached tomato leaves the effects of sugar feeding are only slight 
but instead there is an initial increase of their ascorbic acid content at lower 
temperatures also without external sugar application. It is probable that in 
this case the internal sugar concentration is augmented by starch hydrolysis. 

8. The bearings of the results upon the problems of ascorbic acid meta- 
bolism and translocation are discussed. 
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There are many arguments for the assumption that permeation through 
the plasma membrane of a living cell is not essentially different from a 
diffusion through a thin layer of lipoid, in agreement with the generally 
accepted view that an integral part of the plasma membrane consists of 
tightly packed molecules of fat-like substances. However, in contrast to 
diffusion in general which is but moderately influenced by temperature, 
the temperature coefficients of permeation are often remarkably high. Values 
characteristic of chemical reactions are frequently observed, even in cases 
where we have no reason to believe that chemical reactions in the strict 
sense of the word are involved. To solve this discrepancy between the high 
temperature coefficients and the physical nature of permeation Danielli & 
Davson (1935) suggested that there is a potential barrier at the interface 
between water and the lipoids of the plasma membrane. The higher is the 
polarity of the permeating molecules the greater the kinetic energy required 
to surmount the barrier and the lower the percentage of them able to 
penetrate when colliding against the plasma membrane. Thus, the energy 
conditions for the penetration of a polar substance and for a chemical 
reaction are analogous, and the high temperature coefficients will originate 
from the shift in energy distribution in a similar way in both cases. This 
hypothesis, later subjected to more detailed mathematical treatment (Dav- 
son & Danielli 1943), leads to the conclusion that the temperature coefficient 
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of permeability should be negatively correlated with the absolute rate of 
permeation. For mammalian erythrocytes the experimental results are in 
good agreement with this view (Jacobs, Glassman & Parpart 1935) but the 
internodal cells of Tolypellopsis (Characeae) show a quite different behavior 
(Wartiovaara 1942). There is no relation between the permeation rate or 
lipoid solubility on the one hand and the temperature coefficients on the 
other, the only quality of ostensible importance being the molecular volume, 
in the sense that low temperature coefficients seems to be associated with 
small size of molecules. Yet it is questionable if the ultimate factor is the 
molecular volume itself, the smallest organic molecules having some other 
properties in common as well. For instance, the position of polar groups is 
rather similar owing to the limited possibilities for variation. 

Another peculiarity lacking a counterpart in the case of the familiar 
diffusion processes and subjected to much discussion is the conspicuous 
difference in penetration power between small and medium-sized molecules, 
generally expressed as the sieve-effect of the plasma membrane. That the 
plasma membrane of most cells seems to act both as a selective solvent and 
as a molecule sieve (Collander & Barlund 1933; Collander 1937) may be 
considered as a fact, yet the physical basis of the sieve-effect remains to be 
explained. Collander prefers the assumption of a heterogeneous structure 
for the plasma membrane, perhaps in molecular dimensions, while some 
authors go further, speaking of aqueous channels in the lipoid membrane 
(Ballentine & Parpart 1940). On the other hand, Danielli (Davson & Danielli 
1943) calls in question the existence of a real sieve-effect, pointing out that 
many other properties of a homologous series vary in the same way as 
molecular volume. 

Thus, the molecular pattern is likely to be the deciding factor in both 
instances. Provided that this factor could be taken into account, the diver- 
gence in response to temperature between the red cells and Tolypellopsis, 
for example, might prove to be a matter of quantity rather than quality. The 
erythrocytes show some exceptions to the general rule, according to which 
the permeation rate and the temperature coefficient are negatively cor- 
related, evidently due to the special structure of the molecules in question. 
Now, we may suppose that this factor is the preponderating one for the 
cells of Characeae, the relative significance of the »rule» and the »excep- 
tions» being in a sense reversed in comparison with the red cells. A more 
quantitative investigation of these relations would be fruitful for the under- 
standing of the structure of the plasma membrane, but unfortunately, the 
experimental material available at present is for the most part unsuited 10 
this purpose. Owing to the difficulties arising from too slow or too rapid 
penetration, most of the substances somewhat quantitatively investigated 
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are definitely balanced in respect to the polar and non-polar parts of their 
molecules. These are small molecules with a single or a few closely arranged 
polar groups and larger ones with a number of such groups fairly evenly 
distributed over the entire molecule. Consequently, it is very difficult or 
even impossibly to distinguish between the special effects of lipoid solubility, 
molecular volume and the number and position of polar groups. Since 
these qualities are not independent variables their effect must be deduced 
from the results obtained on related substances under different external 
conditions. In addition to the study of Jacobs and his co-workers mentioned 
above, experiments of this kind have been made to some extent on the 
eggs of Arbacia (Stewart & Jacobs 1932) but apparently not on any plant 
object. 

In the hope of contributing towards filling this need of complementary 
experimental data, I have chosen the normal primary alcohols for the sub- 
ject of this investigation. These substances not only represent the most 
simple arrangement of a practically non-dissociating polar group and of a 
hydrocarbon chain — the prototype of a water-soluble organic compound —, 
but they are of special interest for comparison, because the permeability to 
the analogous amides at room temperature (Collander & Bärlund 1933) 
and to some polyvalent lower alcohols at different temperatures (Wartio- 
vaara 1942) has been determined on related objects. Not much is lost in 
comparability by introducing a third species of Characeae since the physio- 
logical properties of all of them, Chara, Tolypellopsis and Nitella, seems to 
be very similar. Nitella is more readily available besides having the advantage 
of being a more universally employed experimental plant, the behavior of 
which may be of greater general interest. 


Methods 


The course of the experiments, which were carried out at 0° and 20° C, 
was briefly as follows: A single internodal cell of Nitella mucronata was 
bathed in a weak solution of the alcohol in question until a sufficient amount 
of it had entered the cell. It was then rapidly washed clean of the adhering 
solution and the remaining alcohol allowed to diffuse out into water. The 
extracting water was renewed at definite intervals and the alcohol content 
of the samples determined microchemically. To allow for the diffusion 
resistance of the cell wall, the cell was killed, its permeability determined 
as before and the permeability of the plasma membranes calculated from 
the increase of permeability occurring at death. 
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In the calculation of permeability constants the equation 


(1) P=3.45 aes log r 
was employed, where 


P=the permeability constant in cm/hour, 

E=the relative concentration of alcohol within the cell at the equilibrium reached, 

d=the diameter of the cell in mm, 

r=the ratio between the alcohol contents of two samples corresponding to extracting 
periods of equal length, 

t=the time in minutes between taking the samples. 


Equation (1) is obtained from the equation 


V C 
2 RS te ee 
(2) E tq er: 

(Collander & Bärlund 1933) where v is the volume of a cell, q the area of its 
surface, C the concentration of the external solution and c the concentration in 


the cell sap after time t. For a cylindrical er when the area of the ends is 
neglected. E must be introduced to allow for the difference between the geometrical 


and the apparent volume of the cell. The substitution of r for —— can be made 


because the rate of diffusion at any moment is directly proportional to the dif- 
ference between internal and external concentrations at that moment. Finally we 
can change In into ordinary logarithms and combining all constants arrive at 
equation (1). 

It can be shown that the ratio r is independent of the length of the extracting 
periods provided that these are of equal length. It is thus possible to accomodate 
the method to permeation rates, concentrations and cell sizes varying in wide limits 
and nevertheless to get in the samples quantities of alcohol which can be conveniently 
determined to a reasonable degree of accuracy. 

The permeability of the plasma membranes was calculated from the equation 

Pa i P, 


(3) a art 


in which P, is the permeability of the living and Pa that of the dead cell. The 
diffusion resistance of all parts of the cell is assumed to be the same in-the living 
and the dead state except that of the plasma membranes which is assumed to be 
completely destroyed in a dead cell. Also the external resistance remaining there in 
spite of stirring is included in the permeability constants Pı and Pa and is eliminated 
by calculating P if the -experimental conditions are kept unaltered. Further it is 
worth noting that the concentration gradient in the cell sap is stabilized during 
the washing period. The diffusion resistance of the sap would otherwise cause a 
deviation from the exponential course of permeation if the measurements should 
begin immediately after the saturating solution is replaced by water, a fact of special 
importance in the case of high permeability. 
The temperature .coefficient is 


Py, 
(4) Qo=V Pp, 
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when P, and P,, are the permeability constants of the plasma membranes at 
0° and 20° C. 

The apparatus (Fig. 1) was in all essentials similar to that described in previous 
papers (Wartiovaara 1942, 1944). The main improvements were that the cell was 
prevented from lying against the surrounding wall of glass tubing by a thin wire 
coiled around it and that the extracting water was delivered automatically through 
a pump. 

To charge the cell with alcohol, suction was applied and a cup containing alcohol 
solution introduced instead of the sample tube. When a quantity sufficient to 
cover the cell was sucked in, the cup was removed and immediately air bubbles 
began to rise along the cell causing very effective stirring. After a few minutes 
the solution was forced out by pressure and the suction turned on again. As may 
be seen from the figure such changes in pressure will move the piston of the pump 
causing a measured volume of water to flow on to the cell at the moment when 
suction is applied. Repeating this procedure several times, the cell was well rinsed. 
The remaining alcohol was then allowed to diffuse out from the cell under con- 
tinuous air-stirring. The water was renewed at regular intervals, and the samples 
collected in small test tubes. The extracting periods varied from ten seconds to 
several minutes. 

For determining the permeability of a dead cell the tubing containing the cell 
was temporarily detached from the apparatus. The cell was killed in hot water 
without removing it from the tubing and all diffusible substances were extracted 
from it in running water. The tubing with the cell was then replaced in the 
apparatus and the permeability determined as described above. The dead cell was 
charged with alcohol in two steps, at first in a solution containing some sodium 
sulphate (an arbitarily chosen non-reducing salt) and then in a pure solution. This 
was done because a non-turgid cell is apt to shrink, even in dilute solutions. The 
suction power of the salt did expand the cell in the second solution and the weak 
osmotic pressure of the alcohol had only to sustain the shape. 

The alcohol content of the samples was determined by oxidizing with potassium 
bichromate dissolved in concentrated sulphuric acid. The excess of bichromate -was 
titrated fodometrically with sodium thiosulphate. Equal volumes of extracting water 
serving as blanks were treated in similar manner. The oxidation of butanol required 
heating in a thermostat at 120° C for 15 minutes to give reproducible results. 

The extracting water was ordinary distilled water with 30 mg/l CaCl,. adjusted 
to pH 7 with sodium bicarbonate. The concentration of the alcohol solutions varied 
from 0.8 to 2 per cent depending on the reducing power of each particular alcohol, 
the dimensions of the cell and the permeation rate. 

The mean diameter cf a cell was calculated from its weight. The cell was rapidly 
wiped with blotting paper and dropped into a weighed tube containing some water. 
The specific gravity of the cells is slightly greater than 1 but this difference can 
be neglected. When the cell dies the diameter is reduced about one per cent owing 
to the loss of turgor. 

For determining the equilibrium concentration, some weighed cells were enclosed 
in a capillary with openings in the side near each end. The capillary with the cells 
was rocked in a large volume of alcohol solution, rapidly drained, wiped externally 
dry and rocked again in a stoppered tube with a known volume of water. The 
amount of saturating solution adhering on the cells and on the inside of the capillary 
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Fig. 1. The apparatus, schematically. The 
content of the water jacket is stirred by 
air, blown through a tube not shown in 
the figure. 
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was determined by weighing and its alcohol content substracted from the quantity 
found in the water. 

There are two chief sources of systematic errors in the method employed. 
(1) The alcohol diffusing out from the cell will increase the external concentration. 
(2) The water cannot be renewed without leaving a considerable residue. However, 
after a few water changes an equilibrium is established between the amounts 
diffusing from the cell and those removed with the samples. The analytical results 
will thus give a true picture of the course of the permeation and the net effect of 
these factors will be merely an approximately constant deficit in the relative con- 
centration difference which may be allowed for. If the external concentration is 
kept low, say, not above ten per cent of the concentration inside the cell, the 
average slowing down of the permeation may be computed from the equation (5) 
(Wartiovaara 1944); 


(5) external conc. 1 v (r—1) (f+1) 
internal conc. 2w 1-—f-r 


where 

r=the relation between the alcohol contents of consecutive samples, 
v=volume of the cell, 

w=volume of a water sample, 

f=the residual fraction of water. 


If we put r=1.5, v=0.02 ml, w=0.4 ml and f=0.1 as representative figures, 
we get a negative error of 1.6 per cent in the permeation constants. Because this 
error is somewhat reduced when the permeability constant of plasma membranes 
is calculated and the final results are inaccurate within wider limits it is left un- 
corrected. 

No appreciable amount of alcohol was found to be lost with the stirring air, 
during the short extracting periods. 


190 VEIJO WARTIOVAARA 


Table 1. Permeability (P) of the plasma membranes of Nitella mucronata in cm/hour at 
0° and 20° C and the temperature coefficient (Q10) of permeability. 


| Methanol | Ethanol | Propanol | Butanol 


| 
Pie.) 0,80 0.280 0.444 1.07 
BD 2.00 2.00 3.26 4.87 
DR. | 2.56 2.68 2.21 2.13 


Non-systematic errors, due to the inaccuracy of analytical and other measuring 
procedures caused irregular variations within the range of 5 to 10 per cent. Yet 
the errors in mean values presumably do not exceed a few per cent in most cases. 
The number of experiments is too limited to permit statistical treatment of the 
results, but the satisfactory smoothness of the curves for dead cells in fig. 2 may 
indicate that the average error of experimentally obtained permeation constants 
is of that order of magnitude. 

The equilibrium concentration could be determined with an accuracy of about 
one per cent. 

The reliability of the calculated permeability constants for plasma membranes 
is dependent on the difference in permeability between living and dead cells on 
which the calculation is based. In the worst case, if the errors in P; and Pg should 
happen to be of opposite sign and the reduction of diffusion resistance occurring 
at death is, as for butanol, about a fourth only, a final error as high as 15 per cent 
would result if P, is 5 per cent too high and Pg 5 per cent too low and even 25 
per cent in the opposite case. Actually the errors do in all probability compensate 
each other to some extent and are further reduced by root extracting when Q,, is 
calculated. The permeability constants of the plasma membranes and the tem- 
perature coefficients may thus be regarded as essentially correct although the figures, 
especially those for the higher homologues, must be taken with certain reservation. 

The final computation was performed at the end of the experimental work, 
espressely in order to diminish the influence of personal view. 


Result and discussion 


As shown in Table 1 and Fig. 2 the penetration rate of the alcohols is 
to a considerable degree dependent on the temperature. Yet the temperature 
coefficients seem to be almost equal. The slight increase from methanol to 
propanol does not exceed the limits of probable errors and the same may 
be true for the falling out from the row of butanol. (Apparently the value 
found for the permeability of living cells to butanol at 20° is somewhat 
too low as indicated by the curves in Fig. 4.) Consequently, we may assume 
that the true differences between the correct Q,, values for consecutive 
members of the homologous series would probably be less than some ten 
per cent. According to Danielli this is just what might have been expected. 
Most of the energy required for detaching a molecule of a small-molecular 
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Fig. 2. The permeability of Nitella cells to normal 
primary alcohols. Abscissa: number of carbon atoms os|- 
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of the permeating alcohols. Ordinate: penetration SED a ot en 
rate in cm/hour. A: dead cells at 20°, B: dead cells 


at 0°, C: living cells at 20°, D: living cells at 0°. 
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Table 2. Permeability (P) of the plasma membranes of Tolypellopsis stelligera in 
cm/hour and the temperature coefficient (Qo) calculated for the interval 10—20° C 
(from Wartiovaara 1942). 


Substance Ds Q» 
Urethylan 0.75 3.0 
Trimethyl citrate ...... 0.050 5.5 
2,3-Butylene glycol ... 0.016 6.6 
Ethylene glycol ......... 0.010 2.6 
UT ere 0.0008 2.6 
Glycerol@®. een 0.00008 3.5 


alcohol from water and incorporating it in a hydrocarbon-like medium is 
spent in breaking the hydrogen bonds between water and the OH group. 
Thus, a shift in energy distribution will have no significant effect on the 
relative differences in penetration power of such alcohols, that is, the tem- 
perature coefficients of permeability will be approximately equal irrespective 
of the number of carbon atoms in the non-polar part of the molecule. 
Although the equality of temperature coefficients is very intelligible, the 
remarkable height of the absolute values seems to be in disagreement with 
the theory of Danielli and Davson. Considering the very rapid penetration, 
the temperature coefficients should be lower, at least in comparison with 
those of less penetrating substances. However, provided that the results 
obtained on different species of Characeae are comparable, there is no 
appreciable difference in temperature coefficients between the monohydric 
alcohols and ethylene glycol (Table 2). On the other hand the penetration 
rate of 2,3-butylene glycol is enormously reduced with decreasing tem- 
perature. The molecular pattern is evidently predominant in determining 
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Table 3. The distribution ratio olive oil/water of alcohols and their relative equilibrium 
concentration in living cells of Nitella mucronata. 


eS 


| Alcohol | Methanol | Ethanol | Propanol | Butanol 
| Distribution ration "7. | 0.0063 | 0.032 | 0.12 | 0.56 
Equilibrium concentration ......... 0.94 | 0.91 0.88 0.91 


the relative effect of temperature, whereas the physical properties including 
penetration power seem to play but a minor role. 

All temperature coefficients of permeability so far observed in the mem- 
bers of the Characeae family seem to lie above a limiting value of about 2.5. 
Further, there is a distinct positive correlation between temperature and Q,0 
for ethylene glycol (Wartiovaara 1942) though a negative one would be 
postulated on thermodynamical grounds. All this indicates a decrease in 
density of the plasma membranes with rising temperature. It may be noted, 
however, that there is no sign of a sudden change in structure. The con- 
tinuous shift in permeability points to a change in some property comparable 
with the viscosity of bulky matter. Such changes will affect the penetration 
rate of all substances and overshadow small specific differences, which may 
in some part explain the height and equality of temperature coefficients 
for ethylene glycol and alcohols. 

In contrast to the rather similar temperature coefficients the absolute rate 
of penetration is a more complicated function of the number of carbon 
atoms. After a weakly indicated minimum at the C, compound ethanol, 
there follows a steep rise with increasing length of the carbon chain. The 
alcohols have this feature in common with the corresponding amides in- 
vestigated by Collander & Bärlund (1933), in spite of the different chemical 
and physical properties of these substances and a remarkable difference in 
penetration power. Thus provided that the similarity in behavior is not 
merely an accident but caused by the analogous molecular pattern, the 
factor responsible for the distinct sieve-effect may very likely be a geo- 
metrical one. 

The effect of this factor is clearly shown by plotting the ratio P/k against 
n (Fig. 3) where P denotes the permeability constant in cm/hour, k the 
lipoid solubility or, more strictly speaking, the distribution ratio in the 
system olive oil/water (Table 3), and n the number of carbon atoms of the 
permeating molecules. A direct proportionality between P and k would result 
in a straight horisontal line, P/k being in this case a constant. Actually, 
however, we get a rather steep concave curve, resembling the apex of a 
hyperbola. The four or five points alone do not permit deduction of the 
ideal form of the curve but, considering the general parallelism between 
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300 


Fig. 3. Abscissa: number of carbon atoms of the 
permeating alcohols (and of water). Ordinate: P/k. 
Temperature: 20° (curve A) and 0° (curve B). 


the lipoid solubility and penetration power of substances with larger mole- 
cules we may assume that the right arm would be almost straight. The 
dotted part of the left arm is less accurate due to the only approximate 
values for the distribution rate and the permeability constant of water which 
is here considered quasi as the first member of the alcohol series. The general 
tendency of the curve seems, nevertheless, sufficiently warranted. 

The values employed for water are Pyater=1-.25 XP methanoı and k=0.0009. The 
first is based on experiments with Tolypellopsis. Here Pinctianct== Papo = Eno 


(Wartiovaara 1944). The latter refers to the water content of commercial olive 
oil (cfr. Mitchell & Smith 1948). 


The shortest radius of curvature coincides well with the critical mole- 
cular volume (MR, —15) found by Collander & Bärlund, yet, it may be 
noted that there is no evidence for a definite limiting pore diameter. The 
sieve-effect is a continuous function of the molecular volume as indicated 
by the smoothness of the curves of Fig. 4. Now, we might conclude that 
the pores are of different size, the smallest being the most numerous. There 
are, however, many arguments against such an assumption and even against 
the existence of any pores, save the spacings between single molecules and 
fluctuations in packing density due to thermal vibration. Concerning the 
alcohols, a special penetration mechanism for small molecules would for all 
probability give rise to more pronounced differences in the temperature 
coefficients. Thus, the plasma membranes of Nitella may behave towards 
the alcohols like a homogeneous layer of lipoid and the reason for the 
apparent sieve-effect must be sought elsewhere than in a heterogenous struc- 
ture of the plasma membrane. 

According to Danielli the orientation of penetrating molecules is an im- 
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portant factor which reduces the probability that a molecule with sufficient 
kinetic energy will actually penetrate, the orientation becoming more critical 
with increasing length and asymmetry of the diffusing molecules. When 
these properties vary concurrently with the size of molecules, as they do in 
the present case, such an orientation factor may simulate a molecule 
sieve-effect. In fact, the sieve-effect towards the alcohols is most easily 
interpreted in terms of molecular inertia which counteracts orientation. 

The transverse moment of inertia of alcohol molecules varies much in 
the same way as the square of the number (n) of the carbon atoms, and 
as will be seen in the figure 4 there is in fact a close correlation between 
I/n? and P/k. Multiplying P by the square root of the molecular weight 
or, alternatively, replacing n°? by (1+n)*-n would result in still closer agree- 
ment. However, the value of such an improvement is doubtful, due to the 
restricted extent and limited accuracy of the experimental basis. Formally, 
the meaning of the first alternative would be to allow for the general dif- 
ference in the mobility of the molecules. On the other hand, 1+n may be 
considered as an approximative measure of the distance between the OH 
group and the center of gravity of the carbon chain. 

Though water is not an exact equivalent of the hypothetical alcohol 
H—OH an attempt can be made to join it with the series of alcohols. The 
P/k value estimated on the basis of the data available is some ten times 
higher than the corresponding figure for methanol. The difference in 
moment of inertia is known to be of the same order of magnitude. This 
result would seem to support the conclusion that the concept developed 
above should be valid. 


The question may be left open whether the sieve-effect towards urea and 


PERMEABILITY OF NITELLA 195 


ethylene glycol may be explained in a similiar way. The marked difference 
in temperature coefficients for glycols seems to point to more complicated 
relations. However, as far as the lower primary alcohols and, perhaps, other 
substances with analogous molecular structure are concerned, it might well 
be argued that the apparent sieve-effect of the protoplast of Nitella is actually 
due to an orientation factor. Water may also fit into the picture, when 
allowance is made for the peculiar properties of this substance. 

A curious phenomenon, apparently not reported before, is the alteration 
of the equilibrium concentration with increasing number of carbon atoms 
(Table 4). The equilibrium concentration of methanol and propanol proved 
to be about one per cent lower at 0° than at 20° C a difference not exceeding 
the limits of experimental errors. The other alcohols were not investigated 
in this respect. 


Summary 


The permeability of single internodal cells of Nitella mucronata to 
methanol, ethanol, n-propanol, and n-butanol at 0° and 20° C was deter- 
mined employing a method based on direct chemical analyses. The perme- 
ability of the plasma membranes, calculated from the increase in perme- 
ability occurring at death was found to be, given in the order mentioned 
aboye: 2.0, 2.0, 3.3, and 4.9 cm/hour at 20°. The values of Q,, were 2.6, 
2.7, 2.7, and 2.1 respectively. The figures for butanol are inaccurate due to 
the extremely rapid penetration. 

The temperature coefficient of penetration power seems to be a particular 
function of the molecular pattern. It is not dependent on the penetration 
rate. The height of the temperature coefficients may in some part be ex- 
plained by assuming that the properties of the plasma membranes are altered 
with temperature. 

The protoplast of Nitella exhibits a distinct sieve-effect towards the alco- 
hols but an orientation factor rather than a real: molecule-sieve is considered 
to be responsible for this peculiarity. 

To Prof. A. Kalela, the chief of the Botanical Institute of the University of 
Helsinki, I am indebted for some laboratory equipment placed at my disposal. I 
wish to thank Prof. R. Collander for valuable help and critisism. A grant has been 
awarded by the Wihuri foundation. 
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Material and Methods 


According to Veldstra (6) fatty acids with a chain length of 10—11 C 
exhibit a slight growth action in the pea-test; later Veldstra & Booij (7) have 
shown that n-diamylacetic acid, (C;H,,),CH.COOH, has a pronounced 
synergistic action with auxins. In accordance with his earlier picture of the 
auxin action Veldstra (7) has advanced the theory that diamyl-A-A increases 
the permeability and thus supports the auxins in their growth-promoting 
action. Dr. Veldstra has kindly placed at our disposal preparations of n- 
diamylacetic acid and some derivatives and homologous acids for an in- 
vestigation of the effect of these substances on the root growth. 


This has been done by studying the elongation of excised and intact wheat roots, 
by analyzing the course of the cell stretching in the root epidermis. All particulars 
concerning the methods of determining the curves of the elongation of individual 
cells and computations of the rates of cell multiplication of roots have been given 
earlier (Burstrôm 2, 3). The test plants were seedlings of Weibull’s Eroica wheat, 
grown in nutrient solutions at 20° C under artificial illumination. In order to secure 
a constant and uniform root growth all adventitious roots were removed, and only 
the first main root on each plant was left. The number of plants of each treatment 
usually numbered 40 to 60. The graphs showing the cell elongation are based on 
microscopical measurements on 10 selected roots of average length for each treat- 
ment. Each point on the graphs represents the average of some 120 single cells. 

The well-aerated nutrient solutions had the basic composition: Ca(NO,), 1/1000- 
mol, MgSO, 1/2000, KH,PO, 1/1000, Na,HPO, 1/2000, Fe-citrate 1/50000, and MnSO, 
1/50000-mol. pH ante to 6.3, and was varied by changing the amount of 
Na,HPO,. All concentrations of acids are given below in mol per litre. The solutions 


were. renewed daily or every second day. 
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Fig. 1. The root growth in high concentrations of 
diamyl-A-A. pH approximately 6.7. The abscissa repre- 
sents time in days, the ordinates root length in mm. 
a diamyl-A-A 0 c diamyl-A-A 10—4-mol 
b » 10—5-mol d » 10—3-mol 


Fig. 2. The effect of toxic concen- 
trations of diamyl-A-A on the cell 
elongation. The abscissa represents 
time in days, the ordinate cell 
length in u. — Plants in nutrient 
solutions of pH 6.5 without diamyl- 
A-A for two days (a) and four days 
(b), and with diamyl-A-A 10—4-mol 
for two days (c) and four days (d). 


Toxic effects at concentrations 10—{-mol and higher 


Veldstra & Booij (7) have reported that diamyl-A-A in the concentration 
4.10-°-mol causes an apparent increase in permeability of beet tissue. If 
tested in the concentration 10—“-mol on roots it causes from the second day 
on a most significant retardation of the root elongation and in 10—*-mol 
the growth is completely inhibited (Fig. 1). This graph shows further that 
in 10~°-mol there is superficially no influence on the roots and that growth 
under the given conditions continues at a fairly constant but usually some- 
what increasing rate. 

The progress of the cell elongation is shown in Fig. 2. Normally the cell 
elongation is accelerated during the first days of the development of the 
seedlings (cf. curves a and b, Fig. 2), in such a way that it starts earlier 
and a somewhat greater final cell length is attained. This will be further 
exemplified below and can undoubtedly be connected with the progressive 
development of the leaves. This question, however, is beyond the scope of 
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Fig. 3A. Fig. 3B. 


Fig. 3A. Root tips with ruptured epidermis. The sickle-shaped epidermal cells visible as 
tufts at the margins. Note that epidermis is ruptured close behind the meristem. — X 18. 
(Photomicrograph by A. Andersson.) 

Fig. 3B. The left root of Fig. 3 A shown semi-schematically. The broken lines indicate 
the spiral band of sickle-shaped epidermal cells, a the meristem. 


the present investigation and has not been penetrated further. It is obvious, 
nevertheless, that this time factor is similar to that of an increasing auxin 
supply in suboptimal concentrations (Burström 3). 

In the presence of diamyl-A-A there is a pronounced delay in the first 
phase of the elongation (Burstrôm 3), as shown by curve c of Fig. 2; this 
is still more pronounced after four days. The elongation proceeds so slowly 
that the graphs contain rather large errors and do not accurately show the 
course of the cell elongation. This depends upon a decrease in the rate of 
cell multiplication, which after two days amounts to 11 cells per day 
against normally 55 in the quoted example. It is important to note, however, 
that the roots elongate, although slowly, and that they appear quite healthy. 


Rupturing of epidermis at 10—5-mol 


At 10°-°-mol there is usually, no significant change in root length. Under 
the microscope, however, the roots exhibit some peculiar features. Already 
on the first day they appear unusually thin and slender, which is due to a 
complete lack of root hairs. This appearance is maintained for up to two 
or three days, after which they assume a tufty or frayed appearance but 
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Fig. 4. Surface of root with ruptured 
epidermis. A tuft of sickle-shaped epi- 
dermal cells in the middle of the Fig., 
others in one oblique row behind it. 
Naked cortex forming the outher 
boundary of the living root. — X 180. 
(Photomicrograph by A. Andersson.) 


still go on growing in length (Fig. 3). A close examination reveals that at 
this stage the root epidermis is wholly disintegrated and consists of short 
sickle-shaped cells, curved outwardly, and hanging together in twos and 
threes (Fig. 4). These groups are free from each other but are distributed 
regularly, arranged in one or several, the number could not be ascertained, 
spiral rows. They may be seen as black transverse lines in Fig. 3 A, and are 
brought out in the drawing of Fig. 3 B. Beneath this disintegrated epidermis 
there is formed an obviously quite normal parenchymatous cortex, forming 
the outher effective boundary of the root. This stage has been followed up 
to eight days; the growth subsequently decreases, but this is most certainly 
due to disturbances of the nutrition of the plant and is not directly con- 
nected with the rupturing of the root epidermis. It is surprising, on the 
contrary, to find how little the lack of functioning epidermis affects the 
vigour of the plant. 

The progress of this rupturing is shown in Fig. 5. Intercellularies in the 
epidermis appear already in the meristem (5 A) and the groups of two or 
three cells formed in this way are torn apart as the underlying tissues 
elongate. The epidermal cells separated from one another elongate only 
slightly, so that the intercellularies widen (5 B). Further the epidermal cells 
elongate more on their inner than on their outer side, the outer wall prob- 
ably being as usual more firm, thus causing the sickle-shape of the cell 
groups (5 C). An important point is whether epidermis is dying during this 
development. Plasmolysis experiments has revealed that in the mature root 
with ruptured epidermis many epidermal cells are obviously living, showing 
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Fig. 5. The course of the rupturing of epidermis 
and the formation of sickle-shaped epidermal 
cells. — X 185 (Camera-lucida drawings). 


A. 0.4 mm. from the tip. Four rows of epidermal 
cells, the root tip to the left, three showing 
early stages of intercellulary formation. 

B. 1.7 mm. from the tip. One row of epidermal 
cells and the hypodermis (h). Intercellularies 
widening, ends of epidermal cells curving 
outwardly. 

C. 5 to 6 mm. from the tip. Elongation completed, 
epidermal cells strongly curved, sickle-shaped, 
loosely attached to the hypodermal layer (h). 

D. The same stage plasmolyzed, showing con- 
tracted protoplast of hypodermis and epider- 
mal cells. 


a normal picture of plasmolysis (5 D). Many could not be plasmolyzed, but 
it must be borne in mind, that the sickle-shaped cells are cut off from the 
ordinary nutrient supply and therefore must die rather soon. In any event 
it seems permissible to assume that the rupturing of the epidermis is a 
normal but unusual growth phenomenon, which does not jeopardise the 
life of the cells and tissues involved. The rupturing follows as a consequence 
of the intercellulary formation in the meristem. The spiral arrangement of 
the remains of the epidermis is obviously caused by a similar mode of 
formation of the intercellularies, which ought to have some connection to 
the general progress of the cell elongation along distinct lines, probably of 
spiral shape (Burstrôm 2). 

The course of the cell elongation before the rupture of the epidermis can 
be investigated in early stages of diamyl-A-A action in 10—5-mol or at lower 
concentrations. Fig. 6 shows an example of the former. All observations 
reveal a pronounced delay in the first phase of the elongation followed by 
a prolonged cell stretching and usually an increased cell length. In the few 
instances where an examination immediately before the rupturing was pos- 
sible average final cell lengths of up to 375 u were obtained; then a bursting 
of epidermis in the meristem ensued and the picture of sickle-shaped epi- 
dermal remains abruptly followed. Such a case is illustrated in Fig. 7, which 
also shows that this inhibition does not change the first phase of the 
elongation. Thus it seems- probable that the rupturing results from an 
inability of the epidermal cells to stick together and keep pace with the 
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Fig. 6. The influence of diamyl-A-A on the cell 
elongation. Complete nutrient solution; readings 
made after 3 days. The abscissa represents time in 
hours, the ordinate cell length in u. 


a no addition 
b with diamyl-A-A 10—5-mol. 


Fig. 7. The cell elongation during the formation of the 
ruptured epidermis. Complete nutrient solution; readings 
made after two days. The abscissa represents time in 
hours, the ordinate cell length in u. 


a no addition 

b diamyl-A-A 10—5-mol, epidermis before rupturing 

bı the same with ruptured epidermis 

c naphthyl-A-A 10—11 

d naphthyl-A-A 10—11 and diamyl-A-A 10—5, epidermis 
rupturing. 


elongation of the hypodermal and inner cell layers, which continue to 
elongate normally. 

From this picture it follows that even at these concentrations the cell 
multiplication of epidermis is decreased. Some figures are given in Table 1. 
This decrease in the number of cell divisions becomes still more pronounced 
as the disturbances proceed, but exact figures are difficult to obtain, owing 
to the aberrant shape of the epidermis. The lowest figure obtained for 
10—°-mol was a rate of cell multiplication amounting to 59 °/o of the normal 
figure, the average of five series with rupturing epidermis gave 71 %o + 5. 

The connexion between growth rate and rupturing is also illustrated in 
Table 2. For the first two days rupturing only occurs at 10—°-mol, a slight 
indication was observed at 3 : 10—°-mol, and, as was mentioned above, none 
at all at 10—* where the growth rate was markedly inhibited. A constantly 
appearing increase in the number of lateral roots following rupturing of 
the epidermis deserves attention, it is usually a consequence of an inhibited 
elongation of the main axis. Excised roots, on the contrary, cultivated on 
glucose-mineral solutions, always grow slowly as compared with intact ones 
and never show any signs of rupturing, only a steady decline in elongation 
with increasing concentration of diamyl-A-A (Table 3). 
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Table 1. The action of diamyl-A-A at different pH-values. Solutions renewed daily. 


Diamyl-A-A 0 10-5 
pH 4.9 6.2 6.9 4.9 6.2 6.9 
Day Increase in root length mm 
1 10.3 10.3 13.1 11.0 15.0 12.5 
2 129 15.4 14.9 14.9 14.8 16.5 
3—4 17.0 18.9 18.8 12.6 13.6 14.9 
Average __13.1 15.9 16.4 12.8 14.3 14.7 
Cell length u 
1 171+4 164 + 4 23445 | 255+5 239 + 5 216 +5 
2 211+6 249 + 6 252-6 | 317 +7* | 299 + 5* | 290 +6 
3—4 254+6 | 304+7 299 + 7 — — 359 + 7* 


Increase in cell number 


1 60 64 56 43 65 58 

2 37 62 59 47 50 57 
3—4 67 62 63 — — 41 
Average 58 63 60 45 58 49 


* Incipient rupturing of epidermis. 


Table 2. Growth rate and rupturing of epidermis. Growth mm per day. pH ca. 6.5. 


Diamyl-A-A 
Day 

0 10-5 3.10—5 10-4 
17.9 20.3% | 16.3** 11.4 

4 18.9 10.3* 5.2* 0 

6 12.0 10.1* 5.6* 0 

Number of lateral 
roots >1 mm, 
per root 8 17 7 0 


* Epidermis wholly ruptured. 
** Incipient rupturing. 


Table 3. Growth of excised roots. pH 5.9—6.3. 


| Diamyl-A-A | 0 | 10-5 | 10-4 | 10-3 

ee EE ee BE 
Increase in root length mm on 3 days} 10.7 10.3 7.6 0.1 
Gell length f:...,..2.....-.emen. re 171 166 177 — 


204 HANS BURSTROM 


= a 

= Fig. 8. The after-effect of diamyl-A-A on the root 
growth. Plants kept for 3 days in complete 
nutrient solutions without or with diamyl-A-A 
10—5-mol. Plants were transferred every day to 
solutions without diamyl-A-A and the growth 
followed for four days more. The abscissa repre- 
sents time in days, the ordinate cell length in p. 
— The graph shows the cell lengths after the 
different treatments. 


1 4 days 


x X plants initially without diamyl-A-A 

x-2- X plants continuously without diamyl-A-A 

O—— O plants initially with diamyl-A-A 

O----- © plants first with, then transferred to solutions without diamyl-A-A. 


A double circle denotes rupturing of epidermis. 
a, continuously normal roots; 
b, roots developed from such with ruptured epidermis. 


Thus it seems possible to explain the rupturing as caused by two actions 
of diamyl-A-A, firstly, a reduction in the cell multiplication of the epidermis, 
and, secondly, a retardation of the first phase of the cell elongation. Together 
they make it impossible for epidermis to keep pace with cortex, and inter- 
cellularies arise in the meristem, caused simply by the mechanical stresses 
in the tissues. It seems even possible that the supranormal elongation be- 
fore rupturing is partly only a mechanical stretching before the connexions 
between the tissue layers are broken. It is interesting to note, however, that 
intercellularies appear only in the meristem, never at later stages in the 
development, when the main part of the elongation takes place. The critical 
stage in which it is determined whether epidermis will hold or burst is the 
start of the first phase of the cell elongation, if this is passed without rup- 
turing, elongation will go on normally. 

The fact that the supranormal elongation of the epidermal cells is caused 
not only by a passive stretching through the hypodermal layer is shown by 
the after-effect of treatment with diamyl-A-A (Fig. 8). Plants were kept in 
diamyl-A-A for up to four days, when rupturing was general, and every 
second day plants were transferred back to acid-free solutions. Control plants 
in normal solutions were treated similarly. In spite of some irregularities it 
is obvious that roots with sickle-shaped epidermal cells returned to forming 
an epidermis of normal shape but with increased cell length when transferred 
to normal solutions. Roots after only one day’s treatment, when no rupturing 
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Fig. 9. The change in the rate of cell elongation 
with time in the presence and absence of diamyl- 
A-A. Plants kept in complete nutrient solutions 
of pH 4.5 without (a) and with (b) diamyl-A-A 
10—6-mol. Figures denote the age of the roots at 
the readings (2, 4, and 8 days). The abscissa 
represents time in hours, the ordinate cell length 
in wu. — Rate of cell multiplication at two days, 
average for a 61, for b 58 cells. 


20 30 40 50 60 hours 


had occurred, behaved like the controls. The average cell lengths of the 
former series in diamyl-A-A solutions immediately before rupturing amounted 
to 318 u + 4, after transference to normal solutions and recovery there the 
cell lengths measured 313 u + 3. In the control roots after two to four days 
a cell length of 2744 #3 was obtained, and four days later 245 u + 3. The 
recovered roots exhibit on an average 15 °/o increased length over the controls. 
There is then no decrease in the cell multiplication. 


The time course of the action at 10—-mol 


That diamyl-A-A has such a double action is verified by observations on 
the effect of the concentration 10~°-mol. One example is given in Fig. 9. 
In normal nutrient solutions there is, as mentioned above, an accelerated 
start and an increase in cell length with time, in the present example up 
to the eighth day. Diamyl-A-A 10—*-mol causes no rupturing and no signi- 
ficant decrease in cell multiplication, but after two days the usual picture 
of a delayed elongation and increased cell length appears. The same holds 
true after four days, but after eight days the acid-treated roots lag behind 
the normal ones. A comparison of the curves gives the impression, verified 
in a number of experiments, that roots given diamyl-A-A show a tendency 
more rapidly than normal roots to establish the final growth conditions, 
which causes a significantly more rapid growth during the first day. Usually 
the differences disappear after four to five days. The fact that the normal 
roots subsequently may take the lead after long treatment even in such a 
low concentration as 10—*-mol must be regarded in connexion with an 
accumulation of the acid and a transition to conditions of higher con- 


centrations of the acid. 
It is known that a change in the course of the root elongation may be 
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caused either by hormonal or by nutrient factors (Burström 3, 4). The 
normal shift in elongation with time may thus depend upon either of these 
factors. If it is assumed with Veldstra & Booij (7) that diamyl-A-A does 
not directly interfere with growth, it may exert its action by controlling 
either a hormone or a nutrient reaction. In the present paper only the first 
possibility has been tested by means of a study of the interaction of diamyl- 
A-A and naphthyl-A-A. The nutrient interrelations will be made the subject 
of further studies. 


Interaction of diamyl-A-A and naphtyl-A-A 


Plants were grown in solutions containing diamyl-A-A 10—° and naphthyl- 
A-A 10—11 to 10—#-mol. Tables 4 and 5 record one experiment. A sufficiently 
high pH, 6.5, was chosen to reduce the rupturing of epidermis (cf. below) 
and permit a study of the cell elongation. Naphthyl-A-A had the common 
effect of an auxin (Burström 3). In 10—#-mol the roots soon died after a 
swelling of the zone of elongation and an abnormal formation of root hairs, 
the length of the few newly formed celles, however, did not exceed 100 u. 
In 10—'°-mol naphthyl-A-A no swelling appeared but only a very strong 
formation of root hairs and a shortening of the cells. In another experiment 
(Fig. 7) 10-!!-mol showed a very slight action, including the usual auxin- 
induced earlier start of the cell elongation. In general these symptoms are 
markedly the reverse of those of diamyl-A-A, both as regards the start and 
duration of the elongation and the formation of root hairs. With diamyl-A-A 
added to 10—%-mol naphthyl-A-A the swelling disappears and also the rup- 
turing of epidermis, but there is no formation of root hairs, and the roots 
died after three days. When diamyl-A-A is added to 10"°-mol naphthyl-A-A 
the roots became almost normal, the cell length was intermediate between 
those with the acids given alone (Table 4). Superficially it seems as if the 
acids were antagonists neutralizing each other, but such is not the case. 
Table 5 shows that the reduction in cell multiplication caused by diamyl-A-A 
is not abolished by naphthyl-A-A, nor are root hairs formed in any con- 
centration of naphthyl-A-A; in this respect diamyl-A-A likewise dominates. 
Fig. 7 illustrates further that the start of the elongation even in such a low 
concentration of naphthyl-A-A as 10—*?-mol can not be neutralized by 
diamyl-A-A; here naphthyl-A-A dominates, at least in the tested concen- 
trations. That naphthyl-A-A in appropriate concentrations prevents ihe 
rupturing of epidermis may only be a consequence of its growth-inhibiting 
action; in concentrations likely to have a positive or no growth action (Fig. 7) 
the rupturing is not prevented. There remains only the fact that diamyl-A-A 
can neutralize the inhibitory action of naphthyl-A-A on the cell elongation 
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Table 4. The cell lengths in solutions of naphthyl-A-A and diamyl-A-A. — Wheat seedlings 

grown in complete mineral nutrient solutions with additions of the acids. Cell lengths 
in u for the first four days. 

—_—— eo — 


Naphtyl acetic Di-amyl acetic Time in days 
acid mol acid mol 
1 | 2 | 3 | 4 
0 0 230 +5 263 + 6 283 + 7 313 + 6 
0 10—5 259 + 5 282 +6 326 + 7 329 + 7 
10—10 0 180 + 4 123 +3 179 + 4 171 +7 
10—10 10=> 229 + 5 288 + 7 296 + 7 305 + 7 


Table 5. Number of cells formed in longitudinal direction for four days. 
— The same experiment as in Table 4. 


Di-amyl acetic 


Naphtyl acetic acid mol 


acid mol 0 10—10 10—8 
0 221 205 36 
10-5 182 171 109 


when added in a 10° excess to naphthyl-A-A, but it may only bé a case of 
a steric blocking or antagonistic hindrance of the latter acid from reaching 
its points of action. 

It is thus premature to ascribe to diamyl-A-A a specific action with regard 
to the auxins, and a further discussion must be postponed until its effect 
on the nutrient metabolism has been studied. 


The dissociation of diamyl-A-A 


According to a private communication of Dr. Veldstra n-diamylacetic acid 
has a dissociation constant, pk=5.1. That means that its dissociation curve 
falls well within the physiological range of pH. The action of the acid is 
correspondingly influenced by pH of the external medium (Table 1). At 
pH 4.9 with 60 °/o dissociation the first accelerating effect on the start of 
the cell elongation is more pronounced that at pH 6.9 with 1.6 °/o dissociation. 
In the latter case there is a noticeable delay in the appearance of the epi- 
dermal rupturing. The difference is clearly shown by the elongation curves 
(Fig. 10). This graph refers to an experiment with 10—*-mol diamyl-A-A. 
At pH 7 the delay in the cell elongation only amounts to approximately 4.5 
hours, at pH 5.5, on the contrary, to about 17 hours. Nevertheless, there 
is no proportionality between dissociation and action that could be taken 
as evidence of an action of the acid only in undissociated form but not as 
ion. It must be considered, however, that the external pH and external 
dissociation only affect the intake of the acid, but the internal pH regulates 
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Fig. 10. The effect of diamyl-A-A at 
different pH-values. The abscissa re- 
presents time in hours, the ordinate 
cell length in x. 

a pH 7.0—7.2 

b >» » with diamyl-A-A 

c pH 5.4—5.9 

d » » with diamyl-A-A 


the dissociation at the points of action of the acid. Even if the acid fulfills 
its function on the surface of the cytoplasm the pH prevailing there differs 
from that of the external solution (Lundegardh 5). 

The only conclusion to be drawn from the observations is that the acid 
is probably absorbed by the roots preferrably in the undissociated form, 
which is hardly surprising. Nothing can be said concerning the form in 
which the acid acts within the roots. 


Comments 


It is obvious that diamyl-A-A in certain respects behaves as an anti-auxin, 
or a substance antagonizing an added synthetic auxin. Veldstra has claimed, 
on the other hand, that on his material diamyl-A-A supports the auxins. 
A detailed analyzis has revealed, however, that definite conclusions concern- 
ing the first-mentioned effect are hardly permissible at present, the data 
obtained hitherto can easily be explained in other ways. 

The acid has, nevertheless, a direct or indirect effect on the cell elongation, 
and this can mainly be localized to the first phase of the cell stretching, 
according to earlier deductions involving a softening of the cell wall (Bur- 
strôm 3, Audus 1). The most peculiar fact is that only epidermis is affected 
by the acid, but apparently not cortical parenchyma, even if the latter is 
directly exposed to the acid solution through the rupturing of the epidermis. 
This phenomenon implies that there is a remarkable difference in the 
sensitivity of the cell layers, which in turn speaks in favour of a change in 
the hormone functions because the nutrient status may be assumed to be 
more similar in the cell layers. 


It was also mentioned above that roots with rupturing epidermis behave 
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very much like normal ones with respect to their growth, at least for a 
short time. Thus a functioning epidermis is no indispensable prerequisite for 
the growth of the root. 


Summary 


The action of n-diamylacetic acid on the growth behaviour of wheat roots 
has been studied. 

In the concentration of 10—°-mol the roots die. 

In 10~*-mol there is a delay in the cell elongation and a progressive 
decrease in the cell multiplication of the epidermis. The first action is exerted 
on the first phase of the elongation. 

In 10—°-mol the same symptoms appear, although less pronounced, to- 
gether with a complete lack of root hairs. Only epidermis but not the cortical 
parenchyma is affected, which leads to a rupturing of the former through 
formation of intercellularies in the meristem; epidermis is practically shed 
off and the roots continue growing without a functioning epidermis. It is 
concluded that epidermis is not essential to the life of the root. The rup- 
turing is explained by mechanical stresses between epidermis and hypodermis. 

In 10-%-mol the delayed elongation is still visible together with, as in 
10—°-mol, an increase in final cell length, which may lead to an increase in 
total root length. 

Decrease in cell multiplication and delay in elongation are supposed to 
constitute two different actions of the acid. The histological disturbances 
are described in details. 

Further studies are in progress. 
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The Effect of Various Imidazole Compounds on the Growth 
of Purine-Deficient Mutants of Ophiostoma 
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By 
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(Received May 28th, 1949) 


In an attempt to work out the series of reactions by which the fungus 
Ophiostoma multiannulatum synthesizes adenine and guanine, we have in- 
vestigated the availability of certain imidazole compounds for various purine- 
deficient mutants of this organism. The substances tested were: imidazole, 
4(5)-imidazolecarboxylic acid, 4(5)-imidazolecarboxamide, and 4(5)-amino- 
5 (4) -imidazolecarboxamide. The last mentioned compound has recently been 
claimed to be a precursor of purines in bacteria (Shive et al., 1947). 

The adenineless mutants of Ophiostoma (Fries, 1946), requiring adenine 
for growth, did not react to any of these imidazole derivatives. This was to 
be expected since the reaction blocked in these mutants is the amination of 
hypoxanthine to adenine (or rather inosine to adenosine) as hypoxanthine 
does not support growth. 

However, among the numerous hypoxanthineless mutants which can be 
grown with adenine or hypoxanthine (Fries, 1946), some strains are also 
capable of utilizing 4(5)-amino-5 (4) -imidazolecarboxamide for growth. This 
suggests that the gene-controlled deficiency in these strains may be con- 
cerned with the synthesis of 4(5)-amino-5(4)-imidazolecarboxamide. Conse- 
quently this imidazole derivative, or perhaps some closely related compound, 
should be looked upon as an intermediate in the biosynthesis of purines 
in fungi. 
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Table 1. Conidial growth of the hypoxanthineless mutant No. 1671 in shaken tube cul- 

tures with hypoxanthine and/or 4(5)-amino-5(4)-imidazolecarboxamide (AICA). The growth 

was determined photometrically with white light (Fries, 1949). The extinction was cal- 

culated from the galvanometer deflections, Ip (noninoculated tube) and I (inoculated and 
incubated tube). 


I 
Extinction, log ne 103, of the tube cultures 


Incubation Light inoculum Heavy inoculum 


time in days 
0.1 pM |0.1 aM hypo- 
Control |1 aM AICA hypo- xanthine+1/ Control |1 »M AICA 
xanthine LM AICA 


0 20 20 20 20 303 316 
2 26 30 136 187 373 513 
4 29 33 202 420 420 869 
6 32 37 228 814 441 1009 
8 32 37 233 943 459 1147 
10 32 40 244 1103 — = 


It may further be mentioned that the imidazole compound in question 
never permitted growth in a culture inoculated with hypoxanthineless conidia, 
unless a minute quantity of hypoxanthine or adenine was present in the 
medium, or a fairly large number of conidia was used for inoculation. Growth 
thus initiated, proceeded until the supply of 4(5)-amino-5 (4)-imidazole- 
carboxamide was consumed. Some representative data obtained with the 
mutant No. 1671 are recorded in the accompanying table. 

Finally, four guanineless mutants (Fries, 1949) were studied. No striking 
effect was observed with any of the imidazole derivatives tested. Only a 
comparatively weak response to 4(5)-imidazolecarboxamide was obtained; 
however, the significance of this effect is not yet established. 


This work was supported in part by a grant from the Swedish Natural Science 
Research Council. 
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Microbiological Determination of Adenine and Guanine 
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Until recently no accurate micro-methods have been available for quan- 
titative or even qualitative analysis of nucleic acids. During the last two 
years, however, various authors have shown that chromatographic methods, 
so useful in protein studies, can also be successfully employed for the 
separation and quantitative estimation of nucleic acid constituents (Vischer 
& Chargaff 1948 a and b, Hotchkiss 1948, Reichard 1948). For quantitative 
micro-analysis the paper chromatographic technique developed by Vischer 
& Chargaff (1948 a) seems to be particularly useful. The different constituents 
are localized as spots on filter-paper, extracted separately, and determined 
quantitatively by the aid of their characteristic absorption in ultra violet. 

A prerequisite for carrying out such an analysis is, however, that the 
starting material is a purified nucleic acid preparation, containing merely 
small or preferably negligible quantities of amino acids, or other substances 
which might interfere with the spectroscopic estimations. The desirability 
of a method permitting a characterization, and at least a rough quantitative 
estimation of the nucleic acid components in biological, not particularly 
purified material, led us to the idea that fungal mutations requiring purine 
and pyrimidine compounds could be useful as test objects for this purpose 
(Fries 1946, see also Mitchell & Houlahan 1946, and Loring, Ordway, Roll 
& Pierce 1947). It soon turned out, however, that the determination of 
adenine and guanine — the derivatives attracting our main interest — 
encountered certain difficulties. In agreement with observations on hypoxan- 
thine-less Neurospora by Loring & Fairley (1948) it was found in adenine- 
less as well as in hypoxanthine-less Ophiostoma (Fries 1949 a) that guanine 
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Fig. 1. An assay plate with four filter-paper strips showing the chromatographic separation 

of adenine and guanine: a: 20 y adenine; b: 20 y guanine; c: 20 y adenine+20 y guanine; 

d: 200: y yeast nucleic acid (hydrolysed); e: do., a parallel for quantitative estimation. The 

sample to be tested was placed on the spot indicated by a ring. Before plating each strip, 

the distal part above this spot was always removed. The agar surface has in this case 

been sprayed with a mixture of washed conidia from Ophiostoma No. 1174, adenine-less, 
and No. 1377: 42, guanine-less. — 1/5 of original size. 


considerably increased the effect of adenine upon the growth. In guanine-less 
Ophiostoma, on the other hand, adenine was found to retard or completely 
inhibit growth, when administered together with guanine (Fries 1949 b). 

Therefore we considered it necessary to separate adenine and guanine in 
some way before the estimation with appropriate mutants. Inspired by the 
works of Vischer & Chargaff (1947) and Hotchkiss (1948), we have tried 
a separation of the purines by partition chromatography, using filter-paper 
strips, and butanol as the moving phase. The spots, or rather zones, on the 
strips were revealed microbiologically by the aid of a procedure similar to 
that employed by Goodall & Levi (1947) for the detection of different penicil- 


lins in a mixture. 


The development procedure agreed essentially with that described by Hotchkiss 
(1948). The filter-paper was, however, used in the form of narrow strips (1X35 cm), 
one sample being placed near the top of each strip. The samples (c. 0.1 ml) were 
developed for 8 hours with water-saturated n-butanol; the mixture of equal amounts 
of butanol and water on the bottom of the chamber contained 2.5 per cent ammonia. 
After the development the strips were hung upside down to dry at +130°. 
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The assay trays for the microbiological detection of the purine zones were 
constructed chiefly according to Goodall & Levi (1947). The agar medium contained 
2.5 per cent agar plus the ordinary nutrient solution used for Ophiostoma (Fries 
1949 b) supplemented with thiamin, pyridoxin, and biotin. After autoclaving, the 
nutrient agar was poured (at c. +85°) into the assay trays, 260 ml in each, thus 
forming a layer 3.4 mm deep. The surface of each agar plate was then sprayed 
with a suspension in sterile water of conidia from appropriate Ophiostoma and/or 
Neurospora mutants. 


When, in a few hours, the small drops from the spray had dried up, the filter- 
paper strips were placed on the agar surface, not more than four strips being 
arranged on each plate. The plates were then incubated at +25° for 36 hours. At 
that time the adenine and guanine zones, if any, were made visible and localized 
by the development of numerous small mycelia on the agar surface in the neigh- 
bourhood of each strip, as shown on Fig. 1. 


The mutant strains mostly employed for detection were Ophiostoma No. 1174 
(adenine-less), No. 870 (hypoxanthine-less), No. 1377:42 (guanine-less), and Neu- 
rospora No. 16795 (hypoxanthine-less). The quantities of adenine and guanine 
giving well separated zones, as well as a sufficiently strong growth response, lie 
between c. 2 y and c. 40 Y. 


By this procedure small quantities of adenine or guanine — free or as 
ribosides — could be detected in various materials. As examples may be 
mentioned, bleeding sap from birch, which proved to contain guanine, and 
culture media of several microorganisms, where adenine and guanine occur- 
red as excretion products. A water extract from garden soil did not give 
any positive results; after evaporation into dryness and alcaline hydrolysis 
a small amount of guanine was found. Strongly hydrolysed soil gave greater 
amounts of guanine as well as of adenine. 


As yet, the method has been employed mainly for qualitative tests. Some 
experiments made with yeast nucleic acid showed, however, that, at least 
approximate, quantitative determinations can also be made by the use of 
parallel strips, as indicated in Fig. 1 e. The parts of these strips (I and II) 
corresponding to the purine zones found in the plate test were cut out and 
soaked 1 */, hours in distilled water. Recovery tests proved that the eluation 
was satisfactory. These eluates were then, in appropriate dilutions, added to 
test tubes with Ophiostoma nutrient solution, and the quantitative estimation 
carried out with Ophiostoma mutants, as earlier described (Fries 1949 a). 
A commercial preparation of yeast nucleic acid, hydrolysed (according to 
Graff & Maculla 1935) and analysed in this way, proved to contain 9 °/o 
adenine and 14 °/o guanine, which agrees fairly well with earlier deter- 
minations made on this sample. 
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Summary 


A method is described permitting the detection and approximate deter- 
mination of adenine and guanine in various materials by the aid of specifically 
reacting fungal mutations, the purines in question first having been separated 
by filter-paper chromatography. 

This work has been supported by a grant from the Swedish Natural Science 
Research Council. 
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Introduction 


If a plant is kept in darkness for some time and then suddenly illuminated, 
at first photosynthesis will not proceed at a steady rate. Several minutes of 
illumination are necessary before the CO,-uptake will reach its constant 
speed. By using the Warburg-technique this induction period can only be 
studied by illuminating the organism during a great number of short periods, 
separated by dark periods of a certain duration. 

By this technique it was clearly shown that in the beginning of an illu- 
mination period photosynthesis is not yet maximal (Wassink & Kersten, 14). 
Then, gradually, it will increase. until a maximum is reached after which 
assimilation will proceed at a constant speed. This means that in darkness 
the equilibrium in the cell is different from its equilibrium in light. One of 
the most obvious facts in this change of equilibrium is the change in redox 
potential, which must be a rather important change, for instead of oxidizing 
organic matter, as happens in darkness, CO, is reduced in light. 

When investigating: the events during the very first moments of illu- 
mination, results obtained by the Warburg-technique give no detailed in- 
sight; though several authors, for instance Wassink & Kersten (14) could 
determine the photosynthetic activity during the first 5 or 10 seconds of 
illumination, using this technique. 

Several other methods of measuring CO, and O, have been used to this 
end. So for instance the potential measurements of a mercury electrode to 
register the O,-evolution, described by Blinks & Skow (3). Mac Alister mea- 
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sured spectroscopically the change of CO, in the gas passing over an illu- 
minated plant (8). Aufdemgarten (1, 2) used the thermal conductivity of 
the air for the determination of the CO,-content. 

In this paper the technique, described by Aufdemgarten, is used with only 
slight alterations. The object of this investigation is to get a better concep- 
tion of the induction phenomena and to see whether they can contribute to 
the modern theoretical views on photosynthesis. 

MacAlister as well as Aufdemgarten very often found a regular increase 
of the CO,-uptake during the induction period. But after long periods of 
darkness and under increased CO,-pressure they could register certain 
definite irregularities during the first moments of illumination. Immediately 
after illumination a rather strong CO,-uptake took place, which was fol- 
lowed by a decrease. Afterwards a much slower increase occurred until the 
maximum was reached. Sometimes a second decrease and increase could 
be registered. 

Experimenting on the green algae Stichococcus bacillaris and Hormidium 
flaccidum, Aufdemgarten came to the following conclusions: 

1. An induction period of measurable duration really exists. 

2. Its length depends on the duration of the dark period before illu- 
mination. 

3. The increase of the CO,-uptake after illumination can be divided into 
two or three parts between which the rate of the assimilation decreases. 

4. The first increase is not dependent on light intensity, neither on the 
duration of the dark period or on temperature. 

5. The second increase is, however, strongly influenced by these factors. 
Its duration increases with the duration of the dark period and the intensity 
of the Aight. A higher temperature shortens its duration. 

6. After poisoning with cyanide the first increase disappears. 


According to Aufdemgarten these conclusions point to the fact that the 
first increase is caused either by a photoreaction or by change of the dif- 
fusion velocity of CO,. The poisoning with cyanide should make the theory 
about a photoreaction highly improbable, as cyanide poisons first the 
Blackman reaction. 

So Aufdemgarten concludes that cyanide blocks the diffusion of CO, into 
the cell and that the first increase is the result of an increased diffusion 
velocity by the action of light on protoplasm. 

As the observations of Aufdemgarten are very interesting, though only 
preliminary, and no further experiments have been performed with this 
apparatus, we thought it of rather great importance to continue research 
along this line. 
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Method 


The apparatus used is a diaferometer according to Noyons, which ori- 
ginally has been designed for the determination of basic metabolism in 
animals. It has been changed in a few details to make it more appropriate 
for measurements of photosynthesis. First of all a shunt was taken out to 
make it more sensitive to carbon dioxide. An important difference from the 
method, used by Aufdemgarten, is that we did not use gas, dried by means 
of phosphorpentoxide, but gas saturated with water. 

The diaferometer measures differences in heat conductivity of a gas. As 
the conductivity of CO, is less than that of air and the conductivity of O, 
is about the same as that of air, an alteration in the CO,-content of the 
air will change its heat conductivity. In our apparatus a deviation of 1 mm 
on the scale of 300 mm corresponded to a difference in CO,-content of 
0.00035 °/o. 

In the experiments the leaves were put into a container or a glass tube 
which was kept at constant temperature. A gasflow of constant velocity 
passed over it and afterwards through the diaferometer, where its heat 
conductivity was measured against that of gas of the same origin, which 
had not passed over the leaf and therefore had not changed its CO,-content. 

Leaves of several plant species were used in order to investigate whether 
the phenomena found were linked to photosynthesis in general or whether 
they were characteristic for a single or a few species only. 

For the description of the apparatus we refer to the papers by Aufdem- 
garten (1, 2). 

Readings were made every 15 seconds. This proved to be sufficient to get 
accurate curves. The gas used was »air» containing 3.6 °/o CO,, coming 
from a bomb. By means of a simple device this gas stream was maintained 
under constant pressure and thus it flew over the assimilating organism 
with a constant velocity. Usually this velocity amounted to 1.5 1 per hour. 

Naturally, the diaferometer registrates only the total assimilation, that 
is the difference between respiration-level and assimilation-level. According 
to Aufdemgarten (2) it is impossible to determine the compensation point 
in this way. This is: not quite true; we worked out a method by which it 
is not difficult at all to determine this point: 

When the airflow is stopped during some minutes, the gas around the 
assimilating leaf will increase or diminish its CO,-content, according to the 
intensity of the light. At the compensation point the CO,-content will not 
change. When we start the airflow again, the gas that surrounded the leaf 
during the stop first passes the diaferometer and induces a deviation to the 
»more CO,» or to the »less CO,» side. After this column of gas has passed, 
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Fig. 1. Normal induction 
curve for leaves in 3,65 °/o 
CO». 

LU.—Initial CO :-uptake. 
L.A.S. = Light-adaptation- 
slope. C.R. = Constant 
rate assimilation. Light 
on at. 


respiration -line 


time 


the readings gradually will show the CO,-content under normal constant 
flow. When the readings remain constant during the passing of the first 
gas and afterwards, assimilation must have been proceeding exactly at the 
same rate as respiration; thus the compensation point has been determined. 


Experimental part 


The normal rate at which CO,-assimilation takes place when a leaf is 
illuminated after a long period of darkness is shown in Fig. 1. Assimilation 
does not start at its maximal rate, but begins much slower. In the curve of 
Fig. 1 we distinguish 4 different parts: 

First part a which we shall call the initial CO,-uptake (I.U.). When leaves 
are being measured in air, containing the usual small amount of CO,, this 
I.U. is very low and can hardly be demonstrated. But in air, containing more 
CO,, the I.U. usually shows up very definitely. The amount of O, in the 
air had no influence on the I.U. 

This is followed by part b where regular increase of CO,-assimilation takes 
place. In this paper we shall call this the light adaptation slope (L.A.S.). 

Then follows part c which we do not find in all experiments but which 
rather often is encountered when experimenting with leaves of higher plants. 
We shall call this part the 2"4 peak. 

Then in part d of the curve constant rate of assimilation is attained. 

The shape of this curve of induction indicates that, immediately after 
illuniination, different processes which together make up photosynthesis are 
initiated during illumination, partly independent of each other. 


Influence of the preceding dark period 


The influence of the duration of the dark period on the shape of the 
induction curve is considerable. The longer the dark period has lasted, the 
slower adaptation to maximal assimilation takes place. Fig. 2 shows the 
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Fig. 3. Needles of Sciadopi- ps 
tys, intermittently illumin- 
ated (3 min. light, 2 min. 
dark) after two hours of 
darkness. Light on at t, 
light off at y. 


adaptation of a small piece of a tobacco leaf after having been subjected, 
to different times of darkness. 

When analysing the 4 stages of the induction curve first we find that 
the I.U. is not very much influenced. Its deepest point lies always at about 
1/,—%/, minute after the beginning of illumination. The L.A.S. on the 
contrary is very much changed by the length of the dark period. After 9 
minutes darkness it sets in much slower than after 2 minutes darkness, 
although after some time the angle of the slope is about the same. After a 
longer dark period the L.A.S. part of the induction curve at first only 
reluctantly goes down, but after a few moments it reaches the same angle 
as the 2-minutes curve. The first part of the L.A.S. is obscured because the 
I.U. is superimposed on it. But one may assume, that it proceeds along the 
dotted line in Fig. 1. 

It seems that in the chain process of photosynthesis some factor has. to 
be activated by illumination; this factor we shall call the adaptation factor. 
During the dark period this adaptation factor is slowly destroyed, so that 
is has to be regenerated during renewed illumination. In Fig. 2 it is obvious 
that after 2 minutes of darkness there is still an amount of this adaptation 
factor left (the L.A.S. begins halfway) and that after 9 minutes of darkness 
nearly all of it has already been destroyed. The steepness of the L.A.S. slope 
informs us about the rate of activation of this adaptation factor. 

The 34 part of the induction curve, the 2nd peak, in the figure is always 
shown at the end of the L.A.S. Therefore the shorter the L.A.S. is, the earlier 
the second peak will follow. 
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Fig. 4. Tobacco leaf illu- 
minated at different tem- 
peratures. Light on at +, 
light off at +. 


time 


Fig. 3 shows clearly that after a short dark period; especially at low 
temperatures, the destruction of the adaptation factor goes on only slowly, 
and the greater part is still existing if illumination is resumed after 2 minutes. 
It also shows that the I.U. will be visible only before the adaptation factor 
is well activated. 


Influence of Temperature 


The influence of temperature on the induction curve is very marked. The 
higher the temperature, the quicker the constant assimilation rate is reached 
(Fig. 4). Here again we see that the I.U. is rather independent of tem- 
perature. On the other hand the L.A.S. changes much, but now the influence 
shows itself especially in the angle of the slope. The higher the temperature, 
the steeper the slope is and thus the constant-rate-level will be reached 
quicker. From this fact we may conclude that the activation of the adaptation 
factor proceeds quicker at high temperatures. 

Again the 2! peak occurs just after the constant-rate-level is reached by 
the L.A.S. and therefore the higher the temperature is, the earlier this peak 
will appear. Another effect of temperature on this 2" peak is that at lower 
temperatures it will be broader and more »smeared out». 

The temperature has also a great influence on the destruction of the 
adaptation factor in the dark as was already shown by Steemann Nielsen (12) 
with Fucus serratus. To reach complete de-adaptation (if one can speak of 
completeness, as this stage is only asymptotically approached) less time is 
necessary at high temperature than at low temperature (Fig. 5). 

At very high temperature (above 40° C) the inactivation of the adaptation 
factor is partly or wholly irreversible. After exposing a leaf to 43° during 
3 minutes, the constant rate of assimilation at 15° will be much lower than 
before and will remain so. By this treatment the I.U. has practically not 


changed; therefore it is much more obvious in the induction curves. The 
2rd peak has disappeared (Fig. 6). 


vr 
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Fig. 6. I: normal adaptation 
curve, II: adaptation curve 
after 3-minutes exposure to 
43° C. 


It turned out to be possible to destroy the adaptation factor totally by 
high temperature treatment without essentially damaging the I.U. When 
experimenting on leaves of the grasses Holcus lanatus or Bromus mollis, 
an exposure to 47° or 48° C during 3 minutes was sufficient to stop photo- 
synthesis totally at normal temperature while the I.U. was still present. 

In needles of Sciadopitys verticillata photosynthesis was stopped irre- 
versibly at 51°, but the I.U. could still be observed, even after the needles 
had been exposed to a temperature of 53° C. 

In tobacco-leaves photosynthesis stopped at 47°, but at about the same 
temperature the I.U. disappeared too. 

When needles of Sciadopitys had been treated in this way, they only 
retained the I.U. after illumination, which means that, when irradiated, 
they take up a certain amount of CO,, but after this they are unable to 
absorb any more CO, from the passing air and thus the air will remain 
unchanged. This I.U. proved to be completely independent of the length of 
the preceding dark period. A dark pause of 1 minute gave exactly the same 
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ei Fig. 7. Initial CO2-uptake of treated 
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of treated Sciadopitys needles. 
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I.U. as a dark period of several hours. Temperature has hardly any influence. 
At 15° the I.U. was the same as at 30° C. 

But the amount of CO, taken up was highly dependent on the intensity 
of the light. Even light intensities which in normal needles kept photo- 
synthesis below the compensation point, caused a very small, but visible 
I.U. in heat-treated needles (Fig. 7). 

At higher intensities the I.U. was greater until it gradually reached a kind 
of saturation value at intensities of abdut 20,000 lux. 

Red light (filtered through a Schott-filter R.G. 1) proved to be very active, 
more active than blue light (filtered through B.G. 12), so the I.U. might be 
related to chlorophyll activity. 

Another fact pointing in the same direction is the result of an experiment 
on leaves of Gladiolus, grown in complete darkness, where an etiolated leaf, 
containing no chlorophyll, did not show I.U., while a partly etiolated leaf 
did show it. The factor responsible for the I.U. must therefore be directly 
connected with the chlorophyll and must be different from the primary 
absorption of CO, by the protoplasm, which occurs also in the dark 
(Frenkel, 5). 

A very interesting fact could be observed on leaves which had been 
treated in such a way, that they only showed the I.U. when illuminated. 
When the light was turned off, about the same amount of CO, that was 
taken up during the I.U. was liberated again (Fig. 8). This means that 
light energy provides a factor which absorbs CO,. As soon as the light 
energy disappears, this factor disappears also and the absorbed CO, is 
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Fig. 9. COz:-uptake and release of treated 
Sciadopitys needles at different temperatures. 
In this experiment a quicker gasflow was 
used (8 l/hour) and readings were made every 
5 seconds. 


. 2min time 


Fig. 10. Normal leaf of Sciadopitys 
at 0° C. Light on at +, light off at y, 
The I.U. appears normally, but the 
amount of CO, taken up is not re- 
leased at the end of the illumination. 


CO> content of gas 


time 


liberated again. This liberation of CO, was independent of the duration of 
the illumination. After 1 hour of illumination the same amount of CO, was 
liberated as after 15 seconds. 

To investigate whether the uptake and the liberation of CO, are due to 
reactions of the same kind, the same experiment was made at temperatures 
of 6° and of 22° C. The gas flow was increased to 8 l/hour and readings 
were made every 5 seconds. Fig. 9 shows that both reactions are independent 
of temperature and thus probably are of the same character. They must be 
directly connected with the photoreaction of photosynthesis. 

Beside the heat-treatment there is another method to inhibit photosynthesis 
without destroying the I.U. When the leaf is exposed to a temperature of 
0° C photosynthesis is practically nil, while the I.U., being intensitive to 
temperature, must still exist. 

When needles of Sciadopitys were illuminated at 0°, they indeed produced 
the same kind of curves as heat-treated leaves do at normal temperature. 
But at the end of the illumination the curve is different (Fig. 10). The amount 
of CO, absorbed at the beginning is not liberated in dark. 

When the leaves are illuminated at these low temperatures after dark 
periods of different lengths, the I.U. now proves to be strongly influenced 
by the duration of these dark periods. Fig. 11 shows that after a dark period 
of two minutes the I.U. is only very small. The longer the dark period lasts, 
the larger the I.U. will be, up to a dark period of about 15 minutes; 15 
minutes or more will give the maximal I.U. So there seems to be a complex 
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Fig. 11. Normal leaf of Sciadopitys 
at 0° C after different dark periods. 
After a dark period of 2 minutes the 
I.U. is still very small. After longer 
dark periods the I.U. increases until 
the maximal I.U. is reached after 15 
min. of darkness. 


CO2 content of gas 


time 


CO, content of gas 


Fig. 12. Normal leaf of Sciadopi- 
tys at 0° C at short illuminations. 
An illumination of 1 second gives 
only a small IU. Longer illu- 
minations give increasing I.U. until 
the maximal I.U. is reached at 
about 20 seconds illumination. 


time 


that becomes saturated with CO, at the beginning of the illumination and 
that only slowly gets rid of the absorbed CO, during the first 15 minutes 
of darkness. 

By exposing the Sciadopitys needles at 0° to short illuminations it was 
also possible to determine the duration of the I.U. The exposures were given 
after dark periods of more then 15 minutes, so that the I.U. could be maxi- 
mal. At an exposure of less than 20 seconds it was always less than maximal; 


mm deviation on scale 


Fig. 13. Assimilation curve of 
a tobacco leaf. 


20 24 28 32x104 lux 
light intensity 


the experiments were done down to 1 second (Fig. 12). Exposures longer 
than 20 seconds gave the maximum I.U. Therefore one may conclude that 
the I.U. takes place in the first 20 seconds of illumination. 


Kok-phenomenon 


Because of the sensitivity of the diaferometer, assimilation rates at low 
light intensities can easily be determined. As Kok (7) proved that for Chlo- 
rella the quantum efficiency below the compensation point was twice that 
above this point, we thought it important to investigate whether this fact 
holds true for other plants also. 

Fig. 13 shows that for a fragment of a tobacco leaf, exposed to very low 
light intensities the assimilation curve is steeper than at higher intensities 
(all intensities being far below light saturation). 

That the change often does not take place exactly at the compensation 
point, but lower than that, is obvious and can easily be explained by the 
fact that a leaf contains many cells without chlorophyll, which therefore 
contribute to respiration without ever being able to codperate in photo- 
synthesis. 

So we may aceept the Kok-phenomenon as well established and use it in 
theoretical schemes and in working hypotheses. 


Discussion 


As a result of his researches on quantum efficiency in Chlorella photo- 
synthesis Kok (7) concludes, that photosynthesis must proceed along a series 
of chemical processes, which might be symbolized by: 
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4H + CO, — CH,O + H,O 
8H = 
6hv + 12HZ — 87, |+8~ Me ae 8HZ 
1, =O cell 


In this scheme the reduction of CO, takes place only when ~ph-bonds are 
available. The ~ph-bonds, which originate from photosynthesis, might also 
be used as a source of energy for the necessary normal cell processes for 
which the energy usually is derived from ~ph-bonds originating from 
respiration. It might even be supposed that, in light, respiration comes to a 
complete standstill, while all necessary ~ph-bonds are produced by light 
energy. 

Accepting this supposition we arrive at the conclusion that at a light 
intensity which makes photosynthesis reach the compensation point, all 
~ph-bonds are used in cell metabolism. At higher intensities there is a 
surplus of ~ph-bonds, which surplus is used for the reduction of CO. 

Kok comes to this hypothesis after proving that the quantum efficiency 
below the compensation point is significantly higher than above this point. 
In our experiments it was shown that this principle also holds true for the 
leaves of higher plants. 

One of the schemes of Rabinowitch (10) shows the possibility that the 
reduction of CO, is coupled with the recombination of the primary photo- 
chemical products. 


4CO, 8X + hv + 8HZ 4H,0 
Eu | | | 
4(CO,) SHX + 4Z + 4Z 4(H,0) 
| Ec | 
4(HCO,) + 8X + 4HZ 4HZ (O,) 
Es | Eo! + 2H,0 
(CH,O) + 3€0, + H,O O, 


Now if one supposes, that the recombination of 4HX+4Z gives rise to ~ph- 
bonds and that this energy is used in that part of the reactions, which is 
initiated by the enzyme E,, this scheme and Kok’s scheme are much alike. 

Ruben (11) has already suggested that some reactions might be assisted 
by transphosphorylations. Kok showed that his experiments enable an inter- 
pretation in which transphosphorylations play a role. 


By combining the schemes of Kok and of Rabinowitch we come to the 
following scheme: 
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4CO, ‚12X + 12H27, 4H,0 
I Ei |} hy | 
(A(CO,) MAAX EE SEX 82 AZ 4(H,0), 
u Mi Es | | 
'4(HCO,) + 4X' '8X+8~ph+8HZ' '4HZ + (O,) + 2H,O' 
I Es | a~ph<«—____ (a i D ph Eo | 


3CO, + H,0 + CH,O 


2 


n~ph (cell) 


Though we fully realize that this scheme is highly speculative, it accounts 
for some results of the experiments mentioned in this paper too. First of all: 
the initial CO,-uptake. 

As soon as light energy is absorbed by the chlorophyll, the compound X 
is reduced to HX, the primary photochemical product. Now the bound (CO,) 
reacts with this HX to form (HCO,) and X. If we assume this reaction to 
be reversible, only a certain amount of (HCO,) will be formed. If the (HCO,) 
is irreversibly transformed into CH,O, the equilibrium will continually move 
to the (HCO,) side, as CO, will constantly be supplied from the air and HX 
will be formed continuously by the chlorophyll as long as the illumination 
lasts. Thus reaction II accounts for the initial CO,-uptake. 

During the first moments of illumination after a long dark pause, the 
overall-reaction of photosynthesis proceeds only very slowly, increasing 
gradually. The reason why photosynthesis starts so slowly, lies in one of 
the dark reactions (Wassink & Kersten, 14). We may assume that the light 
reaction by which the first photochemical product is formed, will proceed 
at a normal rate. Thus HX is supplied as soon as illumination starts and 
a certain quantity of (HCO,) is formed. This means that a corresponding 
amount of CO, can be absorbed from the air to replace the diminished 
quantity of (CO,). After a few moments no more CO, will be absorbed 
unless (HCO,) is eliminated by other reactions. Gradually photosynthesis 
will increase, which means that (HCO,) will be irreversibly transformed 
into CH,O. Gradually more and more CO, will be absorbed, replacing (CO). 
So reaction III accounts for the light adaptation slope. 

The first reaction of CO, within the plant occurs with the assistance of 
an enzyme E,, which is very sensitive to HCN. This reaction takes place 
in the dark. It seems that it stands in no direct connection with the chloro- 
plasts, but proceeds in the surrounding protoplasm (Frenkel, 5). In the given 
scheme it is symbolized as CO, (CO). This reaction is responsible for 
the so-called »pick-up» (MacAlister & Myers, 9). 

The second reaction of the CO,-chain is the reduction of the (CO,) by 
the primary photochemical product. This second reaction only takes place 


230 R. VAN DER VEEN 


in light, as only in light the product HX exists and is continually reestablished. 
In our scheme the equation is given as (CO,) +HX= (HCO,) +X. 

The third reaction is the one in which (HCO,) is further transformed 
into (CH,O) probably by the aid of ~ph-bonds and of the enzyme E,, the 
»stabilizing» catalyst. The last reaction is not reversible. 

In this connection the observations of Calvin & Benson are interesting (4). 
They noticed that there was a large increase in the amount of CO, absorbed 
in the dark by algae, which had only just previously been illuminated in 
the absence of CO,. These observations indicate that these algae accumulate 
a certain amount of reducing power during the illumination in the absence 
of CO,, which can later be used for the reduction of CO,. Wassink & Katz 
(13) already in 1939 deduced from their fluorescence-curves that there exists 
a »reducing action of the light in the immediate neighbourhood of the 
chlorophyll». 

In our scheme this reducing power is symbolized as the primary photo- 
chemical reduction product HX. As long as it does not pass the second 
reaction, which of course is impossible in the absence of CO,, it will be 
reoxidized by back-reactions. But shortly after the illumination there will 
still be some HX left, which will react with CO,, if this is provided. 

It was already shown in this paper, that the third reaction, which is the 
transformation of (HCO,) into (CH,O), can be made impossible by a special 
treatment, without damaging the first and second reactions. In that case, 
when illumination begins, that is when HX is being formed, a certain amount 
of CO, is taken up. When the equilibrium in the second reaction is established, 
the CO,-absorption is stopped. But when the illumination is turned off, the 
second reaction is reversed, (HCO,) +X=(CO,) +HX, and the first reaction, 
being also reversible, will lead to the liberation of CO, in about the same 
quantity as was absorbed when the illumination began. 

When photosynthesis is inhibited not by heat treatment but by low tem- 
perature, the I.U. still exists. One might expect to find at the end of the 
illumination the liberation of this absorbed CO,. In our experiments however 
we found that this is not the case. 

For the reversibility of reaction II, (CO,) +HX = (HCO,) +X, it is necessary 
that at the end of the illumination the product X is still available as an 
acceptor of H. Under normal conditions however the complex X+Z cannot 
remain in this form as long as the H-donor system is functionning; X+Z 
will then immediately be converted into X+HZ, in wich condition X is no 
longer a H-acceptor. 

Thus the back-reaction in II will be inhibited and the amount of (HCO,) 
which has been formed during illumination will remain after the illumination 
is stopped. This will be the cause that when the illumination is resumed 


INDUCTION PHENOMENA IN PHOTOSYNTHESIS 231 


shortly afterwards, the I.U. will be less than normal; the shorter the dark 
interval the less the I.U. will be. In our experiments it took about 15 minutes 
for total recovery. We may therefore assume that it takes 15 minutes for the 
(HCO,) to disappear at low temperature. Whether this happens by side- 
reactions or by stabilisation in the normal way, could not be decided. 

When examining heat-treated leaves at 0° C we find immediate liberation 
of the absorbed CO, when the illumination is stopped. An illumination only 
a few seconds afterwards will give the full I.U. This shows that in these 
leaves reaction II is fully reversed and therefore that the complex X+Z 
still exists as an H-acceptor for (HCO,). So it seems probable that by heat- 
treatment the H-donor system, which normally changes X+Z into X+HZ 
has been damaged. 

Katz, Wassink and Dorrestein (6) showed that a deficiently functioning 
H-donor system results in an increase of fluorescence. It would be interesting 
to investigate whether heat-treated leaves show more fluorescence than nor- 
mal leaves. 

Now we will discuss the assumption made in our scheme, that by back- 
reactions between HX and Z energy is stored as ~ph-bonds. 

It is usually accepted, that the most cyanide-sensitive reaction in the chain 
of photosynthesis is the first CO,-reaction, which proceeds with the aid of 
the enzyme E,: The initial CO,-uptake disappears by minute quantities of 
HCN (Aufdemgarten, 1). It is also a well-established fact that by HCN photo- 
synthesis can only be reduced to its compensation point, but no further (if 
not too strong solutions are used). Assuming that by this poisoning the first 
reaction of the CO,-chain is stopped, the second and the third will also be 
impossible. But the light reaction, that is the formation of HX and Z, will 
go on. Now if by back-reactions between these two products ~ph-bonds 
will be generated, these ~ph-bonds can furnish all necessary energy for the 
cell:metabolism and no respiration is required for this purpose. Thus photo- 
synthesis makes up for respiration, which means that photosynthesis will 
continue at the compensation point. 

By heat-treatment reactions I and II are still functioning but reaction III 
is stopped. To make reaction III work, enzyme E, and ~ph-bonds are 
necessary. This reaction is stopped by eliminating either the one or the other. 
If E, were destroyed, the back-reactions between HX and Z still might take 
place with the generation of ~ph-bonds. In this case one might suppose 
that photosynthesis would still continue at compensation point, as happens 
when HCN is used. But in our experiments we found that after the heat- 
treatment photosynthesis had completely stopped, while respiration was still 
undamaged as measurements in Warburg-manometers have shown. So we 
must assume, that the back-reactions between HX and Z cannot generate 
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~ph-bonds anymore. All cell-energy must therefore be derived from 
respiration. 

The light adaptation slope of the curve has been extensively studied by 
Steemann-Nielsen (12). By chemical determination of the O,-production of 
fragments of the brown alga Fucus serratus, he studied the influence of the 
temperature and the duration of the dark period on the time necessary for 
complete photosynthetic adaptation to illuminations of different intensities. 

Steemann-Nielsen concludes that there must be some »adaptation factor» 
that does not exist in darkness and that is generated by illumination. In 
light this factor gradually increases until it is just above the limit of being 
a minimum factor. Therefore under weak illumination only a small quantity 
of this factor will be produced. Changing over to high light intensity this 
factor will again be a minimum factor and so the amount will increase until 
it is not limiting photosynthesis any more. 

The adaptation factor will be generated much quicker at high temperature 
than at low temperature. In dark the adaptation factor will be gradually 
destroyed, again at high temperature quicker than at low temperature. 

Our experiments with higher plants are in perfect agreement with Stee- 
mann-Nielsen’s results with Fucus. We, also, found that at higher tem- 
perature the adaptation slope of the curve will be steeper than at low 
temperature, that after a short dark period more of the »adaptation factor» 
is left than after a long dark period and that the inactivation of this factor 
in dark proceeds much quicker at high temperature than at low temperature. 

Besides studying this adaptation factor Steemann-Nielsen mentions the 
discovery of an inhibiting factor which causes light saturation. When chang- 
ing from strong light to weaker light, photosynthesis in the first minutes is 
not optimal, but another adaptation time is necessary, which by Steemann- 
Nielsen is ascribed to the destruction of an inhibiting factor that was formed 
during the intense illumination. 

In our experiments we could not find any indication of this inhibiting 
factor, but we will not deny its possibility in higher plants, as we did not 
work at low temperatures of 5° C, as Steemann-Nielsen did. 

MacAlister & Myers (9) made the observation that the primary CO,-uptake 
was reflected by the curve for fluorescence during the first minute of illu- 
mination. This agrees with the supposition that this primary effect depends 
on a reduction product, originated by the absorption of light by chlorophyll 
(HX), which in the first moments is oxidized by (CO,) to X (low fluorescence 
because the energy can be readily transferred) and which, when the equili- 
brium between (CO,) and (HCO,) is reached, comes in excess and causes 
stronger fluorescence because the energy can not be transferred along this 
path anymore. 
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So one may conclude, that in photosynthesis first the illuminated chloro- 
phyll builds up the unstable products HX and Z. Most HX reacts reversibly 
with (CO,) until balance with (HCO,) is reached. At first only a small part 
of it reacts under the influence of the enzyme E pw causing the storage of 
the energy in phosphate. 

When the equilibrium (CO,)= (HCO,) is reached, more energy will be 
available for the fluorescence back-reaction. In the course of time more En 
is formed, which means that gradually more (HCO,) is taken away and more 
HX is used to restore the balance. Thus less energy remains available for 
the fluorescence back-reaction. 

The fact that in photosynthesis an enzyme is only gradually formed 
during illumination and disappears slowly in darkness, was supposed already 
by Weller & Franck (15). Also Wassink & Kersten (14) concluded that in 
one of the dark reactions of photosynthesis there must exist a system which 
is slowly inactivated in dark and reactivated during illumination. 

Rabinowitch (10) supposed this enzyme to be the oxygen-liberating enzyme 
Ep, as algae, adapted to H,S-oxidation are not inhibited by NH,OH-poisoning, 
while, when not adapted, they are NH,OH-sensitive. The difference between 
the two stadia being principally the E,-activity. 

But as the enzyme which is activated during the illumination is responsible 
for the induction-period, sulphur-bacteria would not show any induction 
effect, if E, is the activated enzyme. In case they show an induction period 
at least one other enzyme but E, must be slowly activated during the illu- 
mination. 

In a few preliminary experiments (unpublished) I found induction- 
phenomena with purpie bacteria (Chromatium, strain D). 

In their experiments on fluorescence of purple bacteria Katz, Wassink & 
Dorrestein (6) also found an induction period in fluorescence, which indicates 
the existence of an induction period in photosynthesis too. It may be sup- 
posed that E, or E, is being activated during illumination and slowly 
inactivated in dark. 

The 2nd peak might originate from the activation of E,, the oxygen- 
liberating enzyme. When activation of this enzyme lags behind the other 
processes of photosynthesis, a 2" peak may be expected. 


Summary 


Adaptation phenomena, which occur in photosynthesis when leaves are 
suddenly illuminated, can be divided into an initial CQ,-uptake (I.U.), fol- 
lowed by a light adaptation period (L.A.S.). 
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The I.U. is independent of temperature and of the length of the preceding 
dark period, while the L.A.S. is strongly influenced by these factors. 

When leaves are exposed to high temperature (+48° C) for a few minutes 
and afterwards examined at normal temperature, the capacity of CO, assi- 
milation is irreversibly damaged, but the I.U. still exists. When the illu- 
mination is stopped the amount of absorbed CO, is released by such leaves. 

At low temperature CO, assimilation is also inhibited, but the I.U. is still 
quite strong. At the end of the illumination the absorbed CO, is not released, 
but after a short period of darkness (less than 15 minutes) the I.U. is not 
maximal. The duration of the I.U. is about 20 seconds. 

So in normal leaves at low temperature the I.U. is not reversible, while in 
heat-treated leaves it is made reversible. 

In the discussion a theoretical scheme is developed to explain these facts. 


These investigations were made in the Laboratory for Plant-Physiology at Wage- 
ningen. Author is much indebted to Professor E. C. Wassink, Director of the 
Institute, for his kind hospitality and for many valuable suggestions. 
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Einleitung 


Dass die Lipoidlöslichkeit einen Faktor darstellt, von dem das Permea- 
tionsvermögen verschiedener Verbindungen in hohem Grade abhängig ist, 
braucht heute kaum mehr betont zu werden. Dagegen besteht einstweilen 
noch keine Einstimmigkeit darüber, inwieweit das Permeationsvermögen 
daneben etwa auch von der Molekülgrösse beeinflusst wird. Auf der einen 
Seite gibt es Forscher, wie Bogen (1938, 1941) und Drawert (1941), die ihr 
eine sehr grosse, ja geradezu eine entscheidende Bedeutung zuschreiben. Das 
entgegengesetzte Extrem repräsentiert u. a. Danielli, der in seiner zusammen 
mit Davson veröffentlichten Permeabilitätsmonographie (1943) zu zeigen 
versucht, dass z.B. im Falle von Chara »within the range of molecular 
species studied, molecular volume is not a variable affecting the rate of 
penetration» (op. c., p. 98). 

Diese Gegensätzlichkeit der Ansichten zeigt, dass die Frage nach der 
Bedeutung der Molekülgrösse für das Permeationsvermögen noch weiterer 
Untersuchungen bedarf. Man kann dabei etwa so vorgehen, wie es Ruhland 
und Hoffmann (1925), Collander und Barlund (1933) und mehrere andere 
getan haben, indem man nämlich das Permeationsvermögen einer möglichst 
grossen Zahl sehr verschiedenartiger Verbindungen bestimmt, um aus den 
so gewonnenen Daten Schlüsse bezüglich der für das Permeationsvermögen 
entscheidenden Faktoren zu ziehen. Eine andere Vorgangsweise besteht darin, 
dass man sich auf eine kleine Anzahl möglichst gleichartiger Verbindungen 
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beschrankt, z.B. auf Glieder einer bestimmten homologen Reihe. Innerhalb 
einer solchen Gruppe können mehrere Eigenschaften der zum Vergleich 
herangezogenen Substanzen als praktisch konstant betrachtet werden und 
es lassen sich daher die zwischen den verschiedenen Gliedern zutage treten- 
den Differenzen hinsichtlich des Permeationsvermögens mit grösserer Sicher- 
heit auf bestimmte Faktoren, wie etwa Molekülgrösse und Lipoidlöslichkeit 
zurückführen, die sich innerhalb einer homologen Reihe in gesetzmässiger 
Weise verändern. 

In der vorliegenden Arbeit beschränken wir uns der zweiten Alternative 
gemäss auf die homologe Reihe der Alkylharnstoffe. Das grösste Interesse 
knüpft sich dabei an die zwei ersten Glieder der Reihe, also an den Harnstoff 
selbst und den Methylharnstoff. Über die Permeabilität pflanzlicher Proto- 
plasten für diese beiden Verbindungen liegen bereits zahlreiche Beobach- 
tungen vor. Wir werden daher zunächst (im Abschnitt 1) dieses Beobach- 
tungsmaterial zusammenstellen. Unsere eigenen Versuche (im Abschnitt 2 
mitgeteilt) sind nur als Ergänzung jenes Materials gedacht. 


1. Übersicht des bisher vorliegenden Tatsachenmaterials 


Tabelle 1 enthält eine Zusammenstellung der bisherigen Literaturangaben 
über die Permeabilität pflanzlicher Protoplasten für Harnstoff, Methyl- 
harnstoff und Dimethylharnstoff. Es sind jedoch nur solche Objekte be- 
rücksichtigt, deren sowohl Harnstoffpermeabilität (P,,,) wie Methylharnstoff- 
permeabilität (P,,,) quantitativ bestimmt worden ist, denn gerade auf den 
Quotienten P,,,/P,,, (in der Tabelle und im folgenden der Kürze halber mit 
Me/Ha bezeichnet) kommt es hier in erster Linie an. Die Objekte sind nach 
zunehmender Grösse des P,.-Wertes geordnet. Wenn für dasselbe Objekt 
mehrere Literaturangaben vorliegen, wird nur die jeweils am zuverlässigsten 
erscheinende erwähnt. Soweit Angaben über die Permeabilität derselben 
Objekte für Dimethylharnstoff vorliegen, wird auch der Wert für den 
Quotienten P, methytnarnstom/ Puéthyiharnetor  (Dim/Me) mitgeteilt. (Im Falle von 
Rhoeo und Lemna bezieht sich der Wert auf asymmetrischen, in den 
übrigen Fällen auf symmetrischen Dimethylharnstoff.) Sämtliche Permea- 
tionskonstanten sind in cm/Stunde ausgedrückt. 


Für Objekte, bei denen die Absolutwerte von Py, und Py. nicht bestimmt wor- 
den sind, liegen folgende Me/Ha-Bestimmungen vor: Aussenepidermis der Zwiebel- 
schuppen von Allium cepa etwa 2 (Houska 1939), Cladophora fracta 5,2 (Moser 
1942), Blattzellen von Chiloscyphus rivularis 0,18 (Pecksieder 1947), Leptoscyphus 
anomalus etwa 1 (dies.), zahlreiche andere Lebermoose 5—10 (dies.). 
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Tabelle 1. Bisherige quantitative Angaben über die Permeabilität pflanzlicher Protoplasten 
für Harnstoff und Alkylharnstoffe. 


Objekt Pye : 10% Pya:10*| Me/Ha Dim/Me Autor 
Hippuris (Luftblätter) ............ iil 0,39 2,8 -—— Elo 1939 
Gentiana (Korolle).................. 1,5 0,65 2,3 == Hôfler 1936 
Caltha (Subepidermis) ............ 2,4 0,83 2,9 8,9 Hofmeister 1935 
Hippuris (Wasserblatter)......... 25 0,41 6,1 — Elo 1939 
Tradescantia (Grundgewebe) ... 2,6 0,67 3,9 _- Hofmeister 1935 
Lamium (Trockenpflanze) ...... 2,9 3,7 0,78 == H. Schmidt 1939 
Rhoeor(Epidermis)..........e..... 3,0 0,95 3,2 6,9 Bärlund 1929 
Plagiothecium (Blatt) ............ 351 11 2,8 = Marklund 1936 
Curcuma (Subepidermis) ......... 32 0,53 6,0 — » > 
Hepatica (Rindenparenchym) Te 3,6 0,57 6,3 3,6 Hofmeister 1935 
Lamium (feucht kultiviert)...... 3,8 6,4 0,6 — H. Schmidt 1939 
Majanthemum (Subepidermis) 4,4 1 oy alk eso — Hôfler 1934 
Zygnema cyanosporum............ 5,2 tar 3,1 = Marklund 1936 
Potamogeton (Parenchym) Raters 5,6 PAT 2,1 1,8 Hofmeister 1935 
AU ORCTIUG SD Len one nee 5,9 1,6 3,7 9,3 » » 
Lemna (Wurzel-Epidermis)...... 7,2 14 0,5 4,0 Marklund 1936 
Elodea\(»Zone I) Anime. 8,5 1,5 5,7 — » > 
SPILOQUROISDE. Eee ee: 10 5,8 1,7 — Elo 1937 
DE CGO LUTLT CT DSB nee ana: 10 5,2 2,0 = Marklund 1936 
Gentiana (Stengel-Epidermis) ... 10 30 0,33 _- Höfler 1936 
Pırlarellaalitoralisienn ee 11 22 4,5 — Marklund 1936 
Muscari (Subepidermis) ......... 12 225 4,8 4,4 Hofmeister 1935 
Ranunculus (»Glycerintypus») 14 2,2 6,4 = » 1938 
Taraxacum (»Hauptreihe»)...... 14 22 6,4 — Marklund 1936 
WEUOTCO PRON Ot rece renee ae: crane con cce 15 6,3 2,4 — Elo 1937 
Elodeat(>Zone III») 2... 16 6,4 DS — Marklund 1936 
Ranunculus (»Harnstofftypus> ) 18 17 1,1 = Hofmeister 1938 
Solanum tuberosum ............... 18 13 164 — Biebl 1948 
Taraxacum (»Blatt II») ... ..... 20 3,8 5,3 = Marklund 1936 
Peso izelien) i.35<054.05> 4024: 26 4,3 6,0 = Resühr 1935 
Elodea (»Zone Il») ..............- 30 69 0,4 == Marklund 1936 
Ceramium (Internodialzellen)...| 38 32 12 — Elo 1937 
MOTOS re 2e tre LU 42 15 2,8 >= Marklund 1936 
Chara ceratophylla ............... 68 35 2,0 5,0 C. & B. 1933 
Taraxacum (»Blatt ]»)............ 210 79 27 — Marklund 1936 
OSCUNGLONIG eee een es sense ce een 300 96 3,1 — Elo 1937 


Unter den 36 ir. der Tabelle 1 enthaltenen Objekte haben 23 einen P,,,- 
Wert, der 2- bis 6mal grösser ist als der entsprechende P,,,-Wert. In 9 Fällen 
ist Me/Ha jedoch kleiner als 2, in 4 Fällen angeblich ein wenig grösser als 6. 


2. Eigene Versuche 


Ohne zunächst auf die theoretische Deutung der im vorigen Abschnitt 
dargestellten Befunde einzugehen, fragen wir uns an dieser Stelle nur, ob 
der Quotient Me/Ha tatsächlich so grossen Schwankungen unterworfen ist, 
wie es, nach den zitierten Literaturangaben zu schliessen, der Fall zu sein 
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scheint oder ob diese Variation irgendwelchen Versuchsfehlern zuzuschrei- 
ben ist. Eine solche Nachprüfung erscheint um so mehr angezeigt, als viele 
der im vorhergehenden angeführten Me/Ha-Werte auf Untersuchungen 
basiert sind, die nicht speziell den Zweck hatten, das Permeationsvermögen 
des Harnstoffs mit dem des Methylharnstoffs zu vergleichen und in denen 
die betreffenden Verbindungen daher nicht gleichzeitig oder unmittelbar 
nacheinander geprüft wurden, sondern etwa an verschiedenen Tagen, was 
den Vergleich wesentlich unsicherer macht. 


A. Methylharnstoff permeiert schneller als Harnstoff 


Wir fangen mit denjenigen Fällen an, wo der Me/Ha-Wert extrem gross, 
d. h. grösser als 6 sein soll. Hier liegt ausser der Annahme zufälliger Ver- 
suchsfehler auch eine andere Erklärung für die Höhe der erhaltenen Me/Ha- 
Werte nahe bei der Hand: der Methylharnstoff hat manchmal eine deutliche 
Tendenz, die Durchlässigkeit der Protoplasten zu erhöhen. So z.B. sagt 
Pecksieder (1947, p. 552): »Doch darf nicht verschwiegen werden, dass bei 
Methylharnstoff die Gefahr einer sekundären Erhöhung der Protoplasma- 
permeabilität während der Rückdehnung wesentlich grösser ist als bei Harn- 
stoff und Glycerin und dass daher gerade den Versuchen gegenüber, die 
eine so hohe Permeabilität für Methylharnstoff ergeben, gewisse Zurück- 
haltung am Platze ist, so lange nicht ausführliche Spezialversuche über den 
zeitlichen Verlauf und die Resistenz der Zellen vorliegen.» 

Von den in der Tabelle 1 erwähnten vier Objekten, bei denen Me/Ha 
grösser als 6 sein soll, haben wir zwei untersucht, nämlich die Rinden- 
parenchymzellen der Blattstiele von Anemone hepatica und die Epidermis- 
zellen der Blattmittelrippe von Taraxacum pectinatiforme. 


Anemone hepatica. Hofmeister (1935, p. 44—45) bestimmte in zwei Versuchen 
mit Harnstoff (29. IX. und 11. X.) P’ zu 0.0916 bzw. 0.0634 oder im Durchschnitt 
zu 0.078. Von den Versuchen mit Methylharnstoff wird nur ein »Partialversuch» 
(9. X.) angeführt. P wurde dabei zu 0.50 bestimmt. Ausserdem wird ein »Total- 
versuch» mit Methylharnstoff angeführt. Als P’-Wert ergab sich dabei 2.37. Bereits 
aus diesen Daten geht hervor, dass man keine Veranlassung hat, dem Me/Ha-Wert 
0.50 : 0.078=6.4 eine grosse Genauigkeit zuzuschreiben. Hofmeister selbst erörtert 
denn auch gar nicht die Frage, welchen Wert der betreffende Quotient hat. 

In unseren Versuchen (im Juli—August 1943 von B. W. ausgeführt) bedienten 
wir uns der grenzplasmolytischen Methode. Ausser Harnstoff und Methylharnstoff 
wurde auch Äthylharnstoff untersucht, und zwar wurden stets die Versuche mit 
allen drei Verbindungen gleichzeitig angesetzt. Die Lösungen enthielten 0.65 GM 
Saccharose +0.40 GM Harnstoff bzw. Methyl- oder Äthylharnstoff. In jede Lösung 
kamen je 2—4 gewässerte und unter der Luftpumpe evakuierte Schnitte. Man 
beobachtete, wann die Deplasmolyse so weit fortgeschritten war, dass nur noch 
die halbe Anzahl der Zellen plasmolysiert war. An einem weiteren Schnitt wurde 
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der Zuckerwert der Zellen festgestellt. Auf Grund dieser Daten wurden die Per- 
meationskonstanten (P’) der drei Verbindungen berechnet. Die Temperatur während 
der Versuche betrug 21—22° C. Das Ergebnis: 


a ee eee eee ee ON eee 
| Nr. Pa : 10+ Page : 10* Pam 10* Me/Ha Âth/Me 
1 1,4 ,6 13 3,3 2,8 
2 1,6 6,1 12 3,8 2,0 
3 1,5 4,7 11 3,1 2,4 
4 1,5 5,1 12 3,3 2,4 
5 1,4 3,3 == 2,3 == 
Mittel 1,5 4,8 12 3,2 2,4 


Wie ersichtlich, hatte der Quotient Me/Ha in unseren Versuchen einen durchaus 
normalen Wert. Es liegt somit kein Anlass vor, das in Rede stehende Objekt etwa 
als eine Ausnahme zu betrachten. 

Taraxacum. Marklund (1936) hat festgestellt, dass die Permeabilität der Epider- 
miszellen von Taraxacum je nach dem Alter der Blätter bedeutend schwankt. Dabei 
schwankt u. a. auch der Quotient Me/Ha. Sein Wert betrug im »Blatt I» 2,7, im 
»Blatt II» 5,3, in den Blättern der »Hauptreihe» jedoch 6,4. Der zuletztgenannte 
Wert erscheint unwahrscheinlich hoch. Er stützt sich aber nicht auf Versuche, wo 
die beiden zu vergleichenden Substanzen gleichzeitig geprüft wurden. 

In unseren eigenen Versuchen (im Juli 1943 von B. W. ausgeführt) wurden Blät- 
ter verschiedenen Alters untersucht. Die plasmolysierenden Lösungen enthielten 
0,30 GM Saccharose +0,40 GM Harnstoff bzw, Methyl- oder Äthylharnstoff. Alle 
drei Substanzen wurden immer gleichzeitig untersucht. In jede Lösung kamen 2—3 
gewässerte Schnitte. Die Zeit vom Versuchsbeginn bis zu dem Zeitpunkt, wo nur 
noch die halbe Anzahl der Zellen plasmolysiert war, wurde bestimmt. Die Tempera- 
tur betrug 19—22° C. Im ganzen wurden 14 derartige Versuche ausgeführt. Py, 
schwankte dabei zwischen 1,6 und 5,1, P’ye zwischen 3,4 und 11, P’jm zwischen 7,2 
und 12,5, Me/Ha zwischen 1,6 und 3,5, Ath/Me zwischen 1,1 und 3,7. Die Varia- 
tionen” waren somit recht gross, ein abnorm hoher Me/Ha-Wert wurde aber nie 
beobachtet. 


Es dürfte kaum allzu kühn sein, anzunehmen, dass, ebenso wie in den 
beiden nachgeprüften fällen, auch die anderen Me/Ha-Werte, die oberhalb 
6 liegen, durch irgendwelche Versuchsfehler verursacht sind. 

Aus der Tatsache, dass Methylharnstoff manchmal eine deutliche Tendenz 
hat, die Permeabilität der Protoplasten zu erhöhen, könnte ein Anhänger 
der extremen Ultrafiltertheorie vielleicht geneigt sein zu schliessen, dass die 
Harnstoffpermeabilität womöglich immer eigentlich grösser sei als die Durch- 
lässigkeit für Methylharnstoff und dass die in den Versuchen meistens 
beobachtete schnellere Permeation der letztgenannten Verbindung somit 
immer nur eine Folge der von ihr bewirkten abnormen Permeabilitats- 
steigerung sei. Dieser Verdacht lässt sich jedoch leicht beheben, und zwar 
in der Weise, dass man Harnstoff und Methylharnstoff gleichzeitig durch 
dieselben Protoplasten diffundieren lässt. Die dabei in Betracht kommende 
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Vorgangsweise — eine Modifikation der Hôflerschen plasmometrischen 
Methode — wird am besten an Hand eines konkreten Beispieles beleuchtet. 
Als ein solches wählen wir die Versuche, die mit Zellen der inneren (morpho- 
logisch oberen) Epidermis der Zwiebelschalen von Allium cepa im Januar 
1947 ausgeführt wurden. 


Die Epidermisstiicke wurden nach vorangehender Wässerung und Entlüftung in 
eine Durchflusskammer, ähnlich der von Ruhland und Hoffmann (1925) gebrauch- 
ten, gebracht. Hier werden sie zunächst in einer Lôsung plasmolysiert, die 0,25 GM 
Natriumchlorid (+ein wenig Calciumchlorid) und 1 GM Harnstoff im Liter Lösung 
enthielt (Lösung I). Die Protoplasten runden sich in kurzer Zeit ab und fangen an, 
sich allmählich auszudehnen. Die Ausdehnungsgeschwindigkeit ist ein ungefähres 
Mass für die Geschwindigkeit, mit der der Harnstoff in die Protoplasten eindringt. 
Man sieht aus der Abb. 1, dass die Ausdehnung der Protoplasten in der Harnstoff- 
lösung langsam und recht gleichmässig erfolgt. Das Präparat wird nun in eine 
Lösung versetzt, deren Zusammensetzung genau dieselbe ist wie die der vorigen, 
nur ist der Harnstoff durch Methylharnstoff ersetzt (Lösung II). Die Ausdehnungs- 
geschwindigkeit nimmt hier beträchtlich zu. Dies allein ist noch kein eindeutiger 
Beweis dafür, dass die Protoplasten an sich permeabler für Methylharnstoff als für 
Harnstoff sind, denn die Beschleunigung der Ausdehnung könnte einfach eine Folge 
davon sein, dass die Permeabilität der Protoplasten unter dem Einfluss des Methyl- 
harnstoffs vergrössert worden ist. Nun wird aber Lösung II wieder durch Lösung I 
ersetzt. Die Folge hiervon ist nicht nur etwa eine Abnahme der Ausdehnungs- 
geschwindigkeit der Protoplasten, sondern sogar eine deutliche Verkleinerung ihres 
Volumens. Diese Kontraktion der Protoplasten lässt kaum mehr als eine Deutung 
zu: der Methylharnstoff diffundiert schneller aus den Protoplasten heraus als der 
Harnstoff hinein. Die Protoplasten sind also gleichzeitig mehr permeabel für 
Methylharnstoff als für Harnstoff. 


Ähnliche Versuche wurden mit Epidermiszellen des Stengels von Lamium 
purpureum und L. hybridum ausgeführt. (Vgl. Weixl-Hofmann 1930 und 
Rottenburg 1943.) Das Ergebnis war im Prinzip ganz ähnlich wie bei den 
Versuchen mit Allium. 

Die Versuche mit Allium und Lamium zeigen, dass, wenn Methylharnstoff 
schneller als Harnstoff permeiert, dies nicht etwa nur eine Folge der 
permeabilitätsvergrössernden Wirkung des Methylharnstoffs ist, sondern 


dass die betreffenden Protoplasten an sich durchlässiger für Methylharnstoff 
als für Harnstoff sind. 


B. Harnstoff permeiert schneller als Methylharnstoff 


Die Tatsache, dass es Protoplasten gibt, die durch eine besonders grosse 
Permeabilität eben für Harnstoff, nicht aber für etwas grössermolekulare 
Verbindungen (Methylharnstoff, Glycerin) charakterisiert sind, ist schon 
längst von Höfler und Stiegler (1921, 1930) entdeckt und von mehreren 
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Abb. 1. Permeation des Harnstoffs (HA) und des Methylharnstoffs (ME) in Fpidermis- 

zellen von Allium cepa. Abszisse: Zeit in Minuten (von dem Zeitpunkt der ersten Uber- 

führung des Präparats in die Harnstofflösung gerechnet). Ordinate: Protoplastenlänge in 

Mikrometerskalenteilen. Der Massstab links bezieht sich auf die beiden oberen Kurven, 
derjenige rechts auf die unterste. 


späteren Forschern (Hofmeister 1935, Marklund 1936, Höfler 1942, Peck- 
sieder 1947) bestätigt worden. Die Tatsache als solche bedarf also kaum, 
einer weiteren Festlegung. Wir erwähnen daher nur ganz kurz, dass wir 
die beiden folgenden hierher gehörigen Fälle etwas genauer untersucht haben. 

Marklund (1936) hat beobachtet, dass die Harnstoffpermeabilität der 
Blattzellen von Elodea in auffälliger Weise von dem Alter der Blätter ab- 
hängig ist. Er unterscheidet in dieser Beziehung drei Zonen am Spross. In 
der Spitzenzone (Zone I) ist die Permeabilität überhaupt verhältnismässig 
niedrig, und zwar permeiert Harnstoff bedeutend langsamer als Methyl- 
harnstoff. Die danach folgende Zone II ist im Gegenteil durch sehr grosse 
Permeabilitat gekennzeichnet; Harnstoff permeiert hier schneller als Methyl- 
harnstoff. Zur Zone III gehören die alten Blätter. Ihre Permeabilitat ist 
kleiner als die der Zone II, aber grösser als die der Zone I; Harnstoff 
permeiert hier wieder langsamer als Methylharnstoff. Pecksieder (1947) hat 
am Spross des Lebermooses Chiloscyphus rivularis eine sehr ähnliche Zonung 
der Harnstoffdurchlässigkeit verschieden alter Blätter beobachtet. 

Da sich die Ergebnisse Marklunds auf eine verhältnismässig geringe An- 
zahl von Beobachtungen stützen, hat der eine von uns (B. W.) im Juni—Juli 
1943 eine grössere Anzahl von Elodea-Sprossen in dieser Hinsicht unter- 
sucht, wobei neben Harnstoff und Methylharnstoff auch Äthylharnstoff zum 
Vergleich herangezogen wurde. Die Versuche wurden unter Benutzung der 
grenzplasmolytischen Methode bei einer Temperatur von 18—22° C aus- 
geführt. Unsere Beobachtungen bestätigten im grossen ganzen die Ergebnisse 
Marklunds, nur zeigte die Permeabilitätsverteilung in verschiedenen Spros- 
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Abb. 2. Zonierung der Permeabilität für Harnstoff (-@—@-—), Methylharnstoff (-O--O-) 
und Athylharnstoff (..X....X..) bei drei Sprossen (A—C) von Elodea densa. Ordinate: P’. 
Abszisse: Nr. des Blattwirtels von der Endknospe aus gerechnet. 


sen eine grössere Variation, als von ihm beobachtet worden war. Abb. 2 gibt 
hiervon einige Beispiele. Spross A entspricht ungefähr den Erfahrungen 
Marklunds. Als neuer Zug kommt aber hinzu, dass Äthylharnstoff in allen 
Blättern schneller als Harnstoff und Methylharnstoff permeiert. Im Spross 
B sind die Unterschiede zwischen den Blättern verschiedenen Alters be- 
deutend weniger ausgeprägt: bei allen Blättern dieses Sprosses ergab sich 
die Reihenfolge P;,„>Pye>Py,. Man könnte sagen, dass sich die Zone III in 
diesem Fall gewissermassen über den ganzen Spross (etwa mit Ausnahme 
der nicht untersuchten Endknospe) erstreckt. Der Spross C endlich besteht 
gewissermassen nur aus den Zonen I und II, während Zone III in diesem 
Falle fehlt. Prinzipiell wichtig erscheint die Feststellung, dass in unseren 
Versuchen ähnlich wie in denjenigen Marklunds vor allem eben die Harn- 
stoffpermeabilität stark wechselte, wogegen die Durchlässigkeit für Methyl- 
und Äthylharnstoff wesentlich kleineren Schwankungen unterworfen war. 

Das andere Objekt, mit dem der eine von uns (B. W.) Versuche aus- 
geführt hat, sind die Wurzelzellen von Lemna minor. Marklund fand, dass 
Harnstoff rund zweimal schneller als Methylharnstoff in diese Zellen ein- 
dringt, hebt aber hervor, dass seine Ergebnisse mit diesem Objekt nicht 
sehr genau sind. Wir haben gleichfalls das Objekt wenig geeignet zur Aus- 
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Abb. 3. Beziehungen zwischen Pyarnstor (Ordi- 
nate) und Pyethyiharnstom (Abszisse) bei den bisher 
in dieser Hinsicht untersuchten pflanzlichen Pro- »3 
toplasten. Linie I entspricht Pye/Py,=1, Linie II 
P,,¢/Py, = 2, Linie III Pye/Py,= 6. Extreme Fälle: 
1 Gentiana Sturmiana (Höfler), 2 Elodea »Zone 
II> (Marklund), 3 Lemna (Marklund), 4 und 5 
Lamium, feucht bzw. trocken kultiviert (Schmidt), 0 
6 Hippuris-Wasserblatt (Elo), 7 Ranunculus, 
»Glycerin-Typ» (Hofmeister). Permeationskon- 
stanten ausgedrückt in cm/Stunden. 


führung genauer Permeabilitätsbestimmungen gefunden. In allen unseren 
Versuchen schien aber Harnstoff deutlich schneller als Methylharnstoff zu 
permeieren und zwar durchschnittlich 1,9mal schneller — ein Ergebnis, das 
also mit dem von Marklund nahe übereinstimmt. Der von Marklund nicht 
geprüfte Äthylharnstoff permeierte durchschnittlich 2,4mal schneller als. 
Methylharnstoff. 


3. Besprechung 


Das Fazit aller bisherigen Untersuchungen über das Permeationsvermögen 
des Harnstoffs sowie des Methyl-, Dimethyl- und Äthylharnstoffs kann etwa 
folgenderweise zusammengefasst werden (vgl. Abb. 3): 

1. Es gibt auffallend zahlreiche Objekte, bei denen Methylharnstoff etwa 
2- bis 6mal schneller als Harnstoff permeiert, und zwar lässt sich die schnel- 
lere Permeation des Methylharnstoffs auch dann feststellen, wenn Harnstoff 
und Methylharnstoff gleichzeitig durch dieselben Protoplasten, aber in ent- 
gegengesetzten Richtungen, permeieren. (Diese Objekte entsprechen etwa 
dem Chara-Majanthemum- und dem Rhoeo-Typ Hôflers.) 

2. Es gibt aber auch eine Anzahl pflanzlicher Protoplasten, die etwa 
ebenso permeabel oder sogar bis etwa 3mal permeabler für Harnstoff als 
für Methylharnstoff sind. (Gentiana Sturmiana-Typ Höflers.) 

3. Dagegen gibt es keine sichergestellten Beispiele davon, dass irgend- 
welche Protoplasten mehr als etwa 6mal durchlässiger für Methylharnstoff 
als für Harnstoff wären. (In denjenigen Fällen, wo P,. etwa 6- bis 10mal 
grösser als P,,, gefunden wurde, beruht dies wahrscheinlich darauf, dass der 
Methylharnstoff manchmal die Durchlässigkeit der Protoplasten vergrössert.) 
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4. Dimethyl- und Athylharnstoff permeieren in allen bisher untersuchten 
Fallen (mit Ausnahme von Beggiatoa) schneller als Methylharnstoff. 

Fragt man sich nun, wie diese empirischen Befunde kausal zu erklaren 
sind, so ergibt sich etwa folgendes Bild. 

Bestimmungen der Verteilung organischer Verbindungen zwischen orga- 
nischen Lösungsmitteln und Wasser haben ergeben, dass die Verteilungs- 
koeffizienten der Glieder einer homologen Reihe annährend in geometrischer 
Progression wachsen, und zwar ist der Quotient dieser Progression um so 
grösser, je »hydrophober» das betreffende organische Lösungsmittel ist. Im 
Falle extrem hydrophober Lösungsmittel, d. h. Kohlenwasserstoffe, beträgt 
der Quotient nach den bisherigen Bestimmungen etwa 5—10, im Falle 
lipoidartiger Lösungsmittel dagegen vermutlich etwa 2—6. (Vgl. Frumkin 
1925, Meyer und Hemmi 1935, Collander 1947, 1949.) Was speziell die 
Harnstoffe anbetrifft, so ist das Verhältnis ihrer Verteilungskoeffizienten in 
den wenigen bisher untersuchten Systemen (nach den nicht sehr genauen 
Verteilungsbestimmungen bei Bärlund 1929, Collander und Bärlund 1933 
sowie Collander 1949) wie folgt: 


Äther Olivenöl Olivenöl + Ölsäure 
Wasser Wasser Wasser 
Methylharnstoff/Harnstoff ............ 2,6 2,9 1,8 
Dimethylharnstoff/Methylharnstoff 2,4 5,2 3,0 
Athylharnstoff/Methylharnstoff ...... 3,4 3,9 3,5 


Dass nun der Methylharnstoff so oft etwa 2- bis 6mal schneller als der 
Harnstoff permeiert, rührt in Anbetracht des soeben Gesagten héchstwahr- 
scheinlich davon her, dass der Verteilungskoeffizient Plasmahautlipoid/ 
Wasser des Methylharnstoffs eben etwa 2- bis 6mal grösser als derjenige 
des Harnstoffs sein dürfte. In allen diesen Fällen spielt somit die Molekül- 
grösse eine unmerkliche oder jedenfalls nur eine untergeordnete Rolle für 
die Permeation dieser Verbindungen. 

In denjenigen Fällen dagegen, wo Harnstoff etwa ebenso schnell oder 
sogar schneller als Methylharnstoff permeiert, muss wohl vorausgesetzt 
werden, dass irgendeine Art von Molekülsiebwirkung mit im Spiele ist. (In 
einem »normalen» homogenen Medium dürfte Methylharnstoff nämlich nur 
etwa um 10—20 Proz. langsamer als Harnstoff diffundieren.) Wenn hier 
von einer Molekülsiebwirkung gesprochen wird, so soll damit aber durchaus 
nicht etwa behauptet werden, dass es sich um permanente, wassergefüllte 
Poren in der Plasmahaut handeln muss. (Vgl. Wartiovaara 1942, p. 98 ff.) 
Vielleicht genügt allein schon die thermische Bewegung der Lipoidmoleküle 
der Plasmahaut, um diesen Effekt hervorzurufen. Worauf es aber hier in 
erster Linie ankommt, das ist die Feststellung, dass es offenbar Plasma- 
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haute verschiedener Struktur geben muss: in den meisten Fällen ist ihre 
Struktur derart, dass Methylharnstoff schneller als Harnstoff permeiert, in 
anderen Fällen dagegen derart, dass Harnstoff schneller hindurchgeht. Wenn 
auch zuzugeben ist, dass die Ausdrücke »homogen» bzw. »inhomogen» in 
diesem Zusammenhang nicht eindeutig sind, liegt es doch nahe bei der 
Hand zu sagen, dass diejenigen Plasmahäute, die für Harnstoff durch- 
lässiger als für Methylharnstoff sind, weniger homogen oder doch weniger 
dicht sein dürften als diejenigen der erstgenannten Art. 

Dass Dimethyl- und Äthylharnstoff immer schneller als Methylharnstoff 
permeieren, deutet darauf hin, dass die Diskontinuitäten in der Struktur der 
Plasmahaut, von denen hier die Rede ist, so fein sind, dass sie (vielleicht 
mit Ausnahme extremer Fälle wie etwa dem der Beggiatoa) für die Per- 
meation des Methylharnstoffs ohne Belang sind. 


Summary 


A compilation of the data, scattered in the literature, about the permeability 
of plant protoplasts to urea and methyl-urea is given in Table 1. From this 
compilation, and also from the experiments presented in chapter 2, it is 
seen that the ratio P eimyi-urea:Purea HAS in by far the most cases a value 
between about 2 and 6. (Cfr. also Fig. 3.) There are, however, also several 
cases in which urea permeates about as fast or even 2—3 times faster than 
methyl-urea. On the other hand, there is not a single firmly established 
example of protoplasts which would be more than about 6 times more 
permeable to methyl-urea than to urea. 

The first-named cases are easily understandable as a consequence of the 
fact that the distribution ratio lipoid/water of methyl-urea is about 2—6 
times greater than that of urea. The cases in which urea permeates faster 
than methyl-urea seem, however, to indicate that the plasma membrane 
sometimes exerts some kind of sieve-effect towards these molecules. 

Dimethyl- and ethyl-urea always, or nearly always, permeate faster than 
methyl-urea. 
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I. Introduction 


It is well known that in weak light the rate of photosynthesis is propor- 
tional to the light intensity. With greater illumination, the curve relating 
rate of photosynthesis with light intensity flattens out until it is parallel 
with the axis of abscissas (Fig. 1). In very bright light the curve begins to 
fall, but at what light intensity this happens depends upon a series of fac- 
tors which will be discussed later in this paper (see p. 262). The curve for 
the plankton diatom Asterionella japonica in Fig. 1 shows that the decline 
sometimes begins in relatively weak light, below 20,000 lux. 

It is now generally understood that when rate of photosynthesis is pro- 
portional to light intensity, the former is limited only by the pace of the 
photochemical reactions. However, in brighter light, where the curve be- 
comes parallel to the axis of abscissas, the limitation is taken over by the 
non-photochemical reactions. If the CO, factor is in relative minimum, the 
rate of carboxylation (the first stage in photosynthesis) determines the rate 
of the entire process. If, on the other hand, CO, is available in excess, it is 
not possible to say which stage in photosynthesis is the limiting one. More- 
over it may not always be the same stage. 

In this paper attention will be focussed on a partial process, the rate of 
which does not usually restrict photosynthesis, but in certain cases may 
prove to do so. This process is the reactivation of chlorophyll molecules 
which are inactivated during the illumination. 

Chlorophyll concentration is only of importance to the rate of photosyn- 
thesis in weak light. Even if Gabrielsen was not the first to call attention to 
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the fact, in 1948 he gave the clearest statement of it. At the same time he 
showed that the chlorophyll in ordinary green leaves is in excess, even at 
the lowest light intensities. The rate of the photochemical stages in photo- 
synthesis is proportional to the light absorption of the chlorophyll, not to 
the concentration of chlorophyll present. Only with very small chlorophyll 
concentrations, for example in yellow leaves, is light absorption propor- 
tional to the quantity of chlorophyll; in fully developed green leaves no 
relation of this kind exists (see Gabrielsen 1948, Fig. 11). 


2. Reversible Inactivation of Chlorophyll 


If it were possible to inactivate, say, half of the chlorophyll in a leaf, 
without altering the light absorption in the inactivated chlorophyll, photo- 
synthesis would usually be halved only at low light intensities, where the 
rate of a photochemical reaction is the limiting factor. At sufficiently high 
light intensities, however, no reduction of the rate of photosynthesis will 
take place at all. 

Thus it is impossible from measuring the rate of photosynthesis at high 
light intensities, to estimate what proportion of the chlorophyll is in an 
inactive form under these conditions. It is reasonable to assume that an 
inactivation of chlorophyll, which is effected at a high light intensity, persists 
for some. time. By immediately changing to low light intensity, where the 
rate of the photochemical reactions acts as the limiting factor, the intensity 
of photosynthesis will be reduced in proportion to the amount of inactive 
chlorophyll present. 

In. an earlier paper, the author has shown that in the brown alga, Fucus 
serratus, at low temperatures, photosynthesis can be temporarily inhibited 
at low light intensities immediately after exposure to bright light (Steemann 
Nielsen 1942). To explain this transient inhibition, it was suggested that a 
part of the chlorophyll at high light intensities was present in an inactive 
form, and that the inactive chlorophyll molecules were only reactivated 
gradually after the change over to weak light. 
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It is worth noting that Li (1929) drew attention to a similar transient 
diminution of the rate of photosynthesis in various fresh-water plants at 
low light intensities, after transfer from high light intensities. He used, 
however, the bubble-counting method for the determination of the rate of 
photosynthesis; but this method must be considered inadequate for quanti- 
tative work. 


The Fucus material which was used for the author’s experiments in 1942 
had been kept for one to three weeks in running water at The Danish 
Aquarium, Charlottenlund. The algae were collected from Isefjord in the 
North of Zealand. The reason for not using fresh material was that the 
Fucus only gave constant photosynthesis values after being kept in the 
aquarium for several days. The salinity of the water in the aquarium was 
about 60 °/o higher than that of Isefjord. Fucus vesiculosus gave results 
similar to those obtained with Fucus serratus. 

The author has recently undertaken experiments with Fucus serratus 
freshly collected in nature, and with water from the habitat of the plant. 
He was unable, under these circumstances, to find any inhibition of photo- 
synthesis at low temperature and low light intensity, immediately after a 
transfer from bright light. 


3. Experiments on Inhibition 


In this paper will be described experiments undertaken in 1947 with the 
fresh-water alga Cladophora insignis. This alga generally showed no 
inhibition at low light intensity after changing from high light intensity. 
Sometimes, however, such an inhibition was found. It was of the same kind 
as in the earlier Fucus experiments. It was also possible to detect inhibition 
at high temperatures. 

The technique used in both the Fucus and the Cladophora experiments 
is described in detail in the paper of 1942. By means of a modified Winkler 
method the increase of oxygen is measured in agitated water around the 
plant. 

In the Cladophora experiments a complication arose which was without 
importance in the Fucus experiments. Cladophora insignis is a filiform alga. 
As a single filament does not give a sufficient reaction, it was necessary to 
use a mat of the alga which, by means of fine silk threads, was fastened 
to a perforated celluloid plate. In transferring from one cuvette to another, 
a significant quantity of water adhered to the mat and to the holes of the 
celluloid plate. This source of error was avoided by dipping the plate with 
the alga mat in an extra cuvette before starting a new experiment. 


17 


250 E. STEEMANN NIELSEN 


54.000 lux 
3.0 2.300 -»- 


D 
© 


M 


Le] 


02-production, mg/h 50 cm2 


0 10 20 30 40 
Minutes 


23.000 lux 
2.300 -»- 


m w 


= 


03-production, mg/h 50 cm2 


0 10 20 30 40 
Minutes 


50 


Fig. 2. Photosynthesis in Fu- 
cus serratus, after a change 
of illumination from 54,000 to 
25300; «lux, 1G) «27538942 
(x see text p. 252). 


Fig. 3. Photosynthesis in Fucus 
serratus ‘after changing from 
23,000 to 2,300. lax, 7.93% 
15. 12.1941 (x see. text p. 252). 


It will be useful to review a little further the main features in the previously 
published Fucus experiments. Fig. 2 shows the drift of photosynthesis at 2,300 lux 
(5° C) immediately after transfer from 54,000 lux. Fig. 3 shows the photosynthesis 
at 2,300 lux after transfer from 23,000 lux, and Fig. 4 the photosynthesis at 1,200 
lux after transfer from 2,300 lux. While in the two first-mentioned series of experi- 
ments there is a distinct transient inhibition of photosynthesis after transfer from 
the higher light intensity, this is not the case in the last series of experiments. 

In Fig. 5, the solid curve shows the relation between light intensity and rate of 
photosynthesis of Fucus serratus at 5° C. The dotted line represents what would 
happen if the rate of photosynthesis at all light intensities was determined alone 
by the speed of photochemical reactions. At 54,000 lux, the actual photosynthesis 


A REVERSIBLE INACTIVATION OF CHLOROPHYLL IN VIVO 251 


2.300 lux 
1.200 -»- 


oO 
un 


Fig. 4. Photosynthesis in Fucus serratus 
after changing from 2,300 to 1,200 luz. 
5.5°C, 29.12.1941. 


02-production, mg/h 50 cm2 


0 10 20 30 40 
Minutes 


30 


25 


20 


Fig. 5. Fucus serratus. Light intensity-photosyn- 
thesis curve (solid). The broken curve represents 
the theoretical dependence of the rate of the 
photochemical reactions on light intensity. 0 


Photosynthesis 


0 10 20 30 40 50 
x 1000 lux 


252 E. STEEMANN NIELSEN 


fa a AE | | 


D 
=) 
= 
| 
| 


sis, relative 


131.000 lux 2.580 lux 


| 
| 


Real photosynthe 


te Fig. 6. Photosynthesis in Clado- 
phora insignis after a change from 
31,000 to 2,580 lux. 10° C, pH 8.1, 
| | | | | 5 - 10-8 equiv. HCO3—/I. 12.9. 1947. 


| 
0 10 20 30 40 50 60 
Minutes 


is only 10 °/o of that shown by the theoretical curve, at 23,000 lux it is 26 °/o, and 
finally, at 2,300 and 1,200 lux it is 100 °/o, as the assimilation rates for the last 
two light intensities correspond to the photochemical part of the curve. 

Even if up to 90 °/o of the chlorophyll molecules at 54,000 lux and 74 °/o at 
23,000 lux were in an inactive form, the same rate of photosynthesis would be 
expected as that actually found (see p. 248). At 2,300 and 1,200 lux, on the other 
hand, all chlorophyll molecules must be active. 

As already stated, the light intensity-photosynthesis curve does not show whether 
any of the chlorophyll molecules at high light intensities have been in an inactive 
form at all. However, the situation is different at low light intensity with the 
chlorophyll inactive to the same degree as at high light intensities. At 2,300 lux, 
and with 74 °/o inactive chlorophyll, a rate of photosynthesis of only 26 °/o of that 
normally found for this light intensity would be expected. In Fig. 3 this point is 
marked with an x. 

This value fits excellently into the curve which shows the course of photosyn- 
thesis at 2,300 lux, immediately after a change from 23,000 lux. This is also the 
case when the same method is employed in the series of experiments in Fig. 2 
(change from 54,000 to 2,300 lux). In the experiments involving a change from 
2,300 to 1,200 lux (Fig. 4) the rate of photosynthesis, as expected, immediately 
reaches its normal value. 

Four series of experiments involving a change from 23,000 lux to 2,300 lux gave 
results corresponding to the series illustrated in Fig. 3, as also other experiments 
involving a change between light intensities other than those quoted here fitted 
excellently into the scheme given here (see more fully Steemann Nielsen 1942). 


Similar experiments have been done recently with the fresh-water green 
alga Cladophora insignis, which crops up as an irksome weed in the Aqua- 
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Fig. 7. Photosynthesis in Cladophora insignis after changing between different light 
intensities. 18°C, pH 8.1, 5-10—% equiv. HCO3-/l. 


rium at Charlottenlund. The experiments were carried out in the Botanical 
Department, Royal Danish School of Pharmacy. As mentioned above it is, 
as a rule, not possible with this plant to detect any inhibition at a low 
light intensity immediately after a change from bright light; at times, how- 
ever, an inhibition does occur. Such an inhibition was found in the alga 
material which was under culture in the autumn of 1947. The aquarium 
with the alga was placed in a window facing north. The water was ordinary 
lake water with a content of 1.8: 10° equiv. HCO,— per 1. 

With a better technique, it was now possible to reduce the interval between 
the various experiments to one minute; in the Fucus experiments, published 
in 1942 it was 24 minutes. Fig. 6 shows the drift of the photosynthesis 
with Cladophora (13.9.1947) at 2,580 lux (10.6° C) after transfer from 
31,000 lux. An intense inhibition, which disappears in the course of 14 
minutes, is observed. Fig. 7 shows the results of an experiment at 18° C 
with plants from the same culture, but three weeks later (4. 10. 1947). The 
plants were first illuminated for 60 minutes at 10,700 lux, (only values for 
the last two 10-minute experiments noted), followed by a change to 2,200 
lux. A distinct inhibition of the rate of photosynthesis was observed; after 
about 40 minutes the normal value for this light intensity was reached. 
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Fig. 8. Photosynthesis in Cladophora insignis after changing between different light 
intensities. 18°C, pH 8.1, 5 - 10-3 equiv. HCO 3—/l. 2. 10. 1947. 


Thereafter a change to 41,000 lux was made. This light intensity was held 
for 60 minutes (only values for the last two 10-minute experiments noted) 
and then reduced to 2,200 lux. The inhibition was now somewhat greater 
than after the change from 10,700 lux, although the rate of photosynthesis 
at 10,700 lux and 41,000 lux was the same. The time taken to reach the 
normal value at 2,200 lux was also a little longer (total about 60 minutes). 

Fig. 8 shows the drift of photosynthesis at 18° C with the same plant mate- 
rial two days before (2. 10. 1947). Experiments were first undertaken at 
10,700 lux for a period of 60 minutes (only values for the last two 10-minute 
experiments noted). Thereafter a change was made to 41,000 lux. The rate 
of photosynthesis increased, but only insignificantly. Then the light intensity 
was changed back to 10,700 lux. A significant transient inhibition was 
observed. After the duration of 50 minutes, photosynthesis had increased to 
the normal value for 10,700 lux. After 60 minutes a change was made to 
2,200 lux. Also now a considerable inhibition was observed. In the course 
of 30 minutes the rate of photosynthesis increased to the normal value for 
2,200 lux. 

Fig. 9 shows the results with Cladophora at 19°C (9. 10. 1947). Illu- 
mination at 15,000 lux for 80 minutes (only the last three 10-minute experi- 
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Fig. 9. Photosynthesis in Cladophora insignis after changing between different light 
intensities. 19° C, pH 8.0, 5 : 10-3 equiv. HCO3—/1. 9. 10. 1974. 


ments are shown) was followed by 41,000 lux for 60 minutes. The rate of 
photosynthesis maintained itself unchanged. On returning again to 15,000 
lux, the rate decreased, however, only to increase again and to attain a 
constant value after 30 minutes. This value is a little lower than that obtained 
for 15,000 lux before the illumination with 41,000 lux. After 80 minutes 
a change was made to 2,200 lux, producing a pronounced inhibition lasting 
45 minutes. 

Fig. 10 shows the drifts of photosynthesis and respiration in an experi- 
ment series at 19°C (14.10.1947). First, two 10-minute experiments in 
darkness were made, by means of which the respiration intensity was deter- 
mined. Then the plants were illuminated at- 21,000 lux for 80 minutes 
(only the values for the last four 10-minute experiments are shown) fol- 
lowed by 40,000 lux for 60 minutes. The rate of photosynthesis remained 
constant. On returning to 21,000 lux, the rate decreased with a distinct, if 
not very great, inhibition at first. After 80 minutes at 21,000 lux the plants 
were placed in the dark. The respiratory rate was now a little less than 
before exposure to light. 

Fig. 11 shows the rate of respiration before and after illumination for 
100 minutes at 21,000 lux. Before the experiments, the plant material had 
been standing in weak light at a window facing north. In this experiment, 
too, the rate of respiration decreased after illumination with high light 
intensities. Thus the inhibition of the rate of photosynthesis in weak light, 
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Fig. 10. Respiration and photosynthesis in Cladophora insignis after changing between 
darkness and various light intensities. 9°C, pH 8.1, 5 -10—% equiv. HCO3-/l. 14. 10. 1947. 


after a change from strong light, cannot be explained by the changes in 
the rate of respiration. Otherwise a still more significant increase in the rate 
of respiration intensity after strong light, rather than a decrease, would have 
been expected. The Fucus experiments gave similar results (Steemann Niel- 
sen, 1942, p. 52). 

The experiments recorded in Figures 9 and 10 show that even if the rate 
of photosynthesis is the same for two different high light intensities, an 
inhibition appears immediately after a change from the higher to the lower 
intensity. 

The Cladophora experiments suggest, in quite the same way as the Fucus 
experiments, that part of the chlorophyll at high light intensities is inactive. 
After transferring to a low light intensity, the inactivated chlorophyll mole- 
cules are completely reactivated in 15 to 60 minutes. On the other hand, 
a drop within the high range of light intensity is followed by reactivation of 
only a fraction of the inactive chlorophyll molecules. 

In darkness a reactivation of inactivated chlorophyll molecules also takes 
place (see Fig. 27, Steemann Nielsen, 1942). The rate is approximately the 
same as at low light intensity. The process of reactivation is independent 
of the light: that is to say, it is not photochemical. It is a chemical process, 
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Fig. 11. Respiration in Cladophora insignis before and after photosynthesis at 21,000 lux. 
18°C, pH 8.1, 5-10-3 equiv. HCO3—/l. 16. 10. 1947. 


probably regulated by one or more enzymes. As at high light intensity a 
continuous reactivation of the chlorophyll takes place, a steady inactivation 
must also take place simultaneously. Thus, in the Fucus experiments, for 
instance, there was found to be an equilibrium between the inactivation and 
the reactivation at 23,000 lux, when constantly 74 °/o of the chlorophyll 
molecules were inactive. At low light intensity, on the other hand, there 
must be an equilibrium when constantly 100 or almost 100 °/o of the chloro- 
phyll molecules are in an active form. Unlike the reactivation process, the 
inactivation process is photochemical. 

As already stated, there is no reason to believe that it is always the same 
chemical reaction which limits photosynthesis at high light intensities. 
Limitation from a chemical process which is not dealing with the reac- 
tivation of chlorophyll would give light intensity-photosynthesis curves of 
the same type as those derived from the above experiments with Fucus and 
Cladophora. But in that case, no inhibition of the photosynthesis at low 
light intensities, after a change from high light intensities, will occur. As 
such an inhibition generally is not found, it must be presumed that the 
rate of reactivation of chlorophyll is not normally the limiting factor. 

Finally, it could also be assumed that under certain conditions another 
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chemical process limits photosynthesis at high light intensities, but that the 
reactivation does not take place fast enough to keep all the chlorophyll 
molecules in an active state in bright light. A transient inhibition would 
also now be observed at low light intensities after changing from strong 
light; though this inhibition will be less marked than when reactivation of 
chlorophyll is the sole limiting factor in strong light. 

In some of the Cladophora experiments the reactivation process was the 
sole limiting factor. This is shown in Fig. 6 where the »theoretical inhibi- 
tion» at 31,000 lux is indicated by an x. This value is found to agree pre- 
cisely: with the empiric one. The result of this experiment corresponds to 
those obtained in the 1942-experiments with Fucus (see Fig. 2). 

In most of the other experiments with Cladophora, however, the inhibi- 
tion was not as great as would have been expected theoretically. Thus, in 
the experiment illustrated in Fig. 7 (4.10. 1947) the rate of photosynthesis 
at 10,700 lux was about 34 %/o of what would be found if the rate alone 
were determined by the speed of photochemical reactions at all intensities 
of illumination (cf. Fig. 5). On the other hand, if the »inhibition curve» 
(Fig. 7) is extrapolated an initial value of about 70 °/o is obtained. Similarly, 
the values for 41,000 lux are 12 °/o and 60 °/o, respectively. Supposing, how- 
ever, that the rate of one of the other chemical processes was still slower 
than the rate of reactivation, the case can be explained without difficulty. 
Thus the reactivation process was not at all limiting for photosynthesis in 
strong light. Reactivation was so slow, however, that an essential part of 
the chlorophyll in strong light was inactive. This experiment, therefore, 
shows an intermediate state between the cases when reactivation is not at 
all a limiting factor (the normal cases) and the cases where it is the sole 
limiting factor. 


4. The Rate of the Reactivation Process and the Influence 
of Temperature 


In the Fucus experiments (Steemann Nielsen 1942), it was not possible 
to detect any transient inhibition of photosynthesis at a high temperature 
(20° C) after changing from a high to a low light intensity, although this 
inhibition at a low temperature (5° C) was very pronounced and only dis- 
appeared completely in the course of about 30 minutes. In the Cladophora 
experiments, on the other hand, the inhibition was considerable both at high 
and low temperatures. 

In the Fucus experiments the rate of reactivation was fairly constant, 
lasting 30 minutes for the reactivation of 100 °/o inactivated chlorophyll. In 
the Cladophora experiments, on the other hand, the rate of reactivation 
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decreased steadily during the period from the middle of September to the 
middle of October. On the 13th September it took 14 minutes at 11° C before 
the inhibition at 2,580 lux, after changing from 31,000 lux, had disappeared 
completely. In this case the rate of reactivation at 31,000 lux was the sole 
limiting factor. On the 18th September it took 20 minutes and on the 23rd 
September 40 minutes, under the same experimental conditions, although in 
these last two experiments the rate of reactivation was not the sole limiting 
factor. At 19°C it took 14 minutes, on the 16th September, before the 
inhibition at 2,580 lux, after changing from 31,000 lux, disappeared com- 
pletely. In this case the rate of reactivation was the sole limiting factor at 
31,000 lux. On the 20th September the reactivation at the same temperature 
lasted for about 20 minutes, on the 23rd September about 40 minutes, on 
the 4th October 60 minutes. On the last day 41,000 lux was employed in- 
stead of 31,000 lux. On the other hand, the rate of reactivation was not the 
sole limiting factor. 

An attempt to find the influence of temperature on the rate of reactivation 
in Cladophora insignis produced varying results, because the low tempera- 
tures lead to complications (Steemann Nielsen, 1947, p. 60). It is, how- 
ever, beyond doubt that the rate is dependent on temperature. A more 
thorough study of this important problem has been planned. A discussion 
about the nature of the reactivation process is therefore premature. 

It is interesting to consider why no inhibition was found in the Fucus 
experiments at 20° C. In strong light the C-source at 5° C was present in 
excess (Steemann Nielsen, 1942, p. 58), but it seems probable that this has 
not been the case at 20° C. The intensity of photosynthesis thus increased 
only 80 °/o at 23,000 lux when the temperature was increased from 5° to 
20° C. Quite another significant increase of the photosynthesis would have 
been expected. Since reactivation is faster at a higher temperature, the 
equilibrium between active and inactive chlorophyll at 20°C must be dis- 
placed towards a higher proportion of active chlorophyll. It is therefore not 
surprising that no inhibition is found at 20°C, considering the technique 
employed. 


5. The Importance of the C-source for the Inhibition Phenomenon 


All the experimental plants which have been used in the above experiments 
were aquatic and can use HCO,~-ions as C-source (see Steemann Nielsen 
1947). It was therefore of interest to investigate how the inhibition pheno- 
menon stood in relation to this special C-source. Experiments were carried 
out with Cladophora insignis. As shown by the author (1947, p. 54), it is 
impossible to measure photosynthesis in this plant with free CO, as the 
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only C-source. The hydrogen ion concentration in this case becomes too 
high, and so the plant is damaged. 

However, two series of experiments were made (Fig. 12), where in the 
first, the water used was at pH 7.0 and had a concentration of 2.5 - 10? 
mol total CO,/l, giving a concentration of free CO, of 0.5-10~—% mol/l. This 
is about 10 times that required for optimum assimilation with this plant 
(see Fig. 8 in the paper of 1947). The inhibition obtained under these 
conditions was quite identical with that found in the second series of experi- 
ments at pH 8.2 (total CO, 3-10—% mol/l, free CO, 0.03 - 107° mol/l). As the 
amount of free CO, in the second case was so small, photosynthesis must 
have been principally based on the use of HCO,~-ions. The nature of the 
C-source is thus without importance for the inhibition phenomenon. 


6. The Mechanism of the Inhibition 


In what precedes it has been seen that during photosynthesis a continuous 
inactivation of chlorophyll takes place, which, however, is counteracted by 
a continuous reactivation. Under normal conditions the rate of reactivation 
is so high that even in bright light practically all the chlorophyll is in an 
active form. In certain circumstances, however, a great deal is inactive. In 
the latter case, the cause may be either that the rate of inactivation has 
increased or that reactivation has decreased. 

It has been pointed out, earlier in this paper, that reactivation is a che- 
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mical process, probably involving one or more enzymes. On the other hand, 
reactivation is photochemical. The question arises, however, whether inac- 
tivation is a link in photosynthesis itself, or whether it is independant of 
photosynthesis. If the latter is the case, it seems likely that inactivation 
involves a photo-oxidative decomposition of chlorophyll with the chloro- 
phyll itself as the sensitizer. 

There is every indication that chlorophyll in vivo is normally protected 
against photo-oxidation (see Rabinowitch 1945, p. 526). Photo-oxidation of 
the chlorophyll itself seems to occur only when other oxidizable material is 
used up. Experiments with Cladophora insignis described in the next sec- 
tion show, in the same way, that the photo-oxidation, which occurs in very 
bright light, does not attack the chlorophyll, but one of the enzymes which 
co-acts in photosynthesis. The experiments show that inactivation has nothing 
to do with photo-oxidation (see p. 263). 

Ruben, Hassid, and Kamen (1939) detected radioactivity in chlorophyll, 
after using CO, containing radioactive carbon during 60-minute experi- 
ments with photosynthesizing barley. There was as much as about 500 times 
the radio-activity in the cell carbohydrates as in the chlorophyll, but the 
relatively small concentration of chlorophyll must be taken into considera- 
tion. The probability of finding a radioactive carbon atom in a given chloro- 
phyll molecule was one quarter of that for a given carbohydrate molecule. 
Rabinowitch (1945, p. 557) thinks that this penetration of radio-active car- 
bon into the chlorophyll molecule is probably a sign of rapid decomposition 
and resynthesis of chlorophyll in vivo; in darkness there was no exchange 
of radio-active carbon between the carbon dioxide and the chlorophyll. 

From the preceding experiments, it can probably be concluded that an 
inactivation of chlorophyll in light normally occurs. The improbability of 
the photo-oxidation of chlorophyll producing inactivation has been pointed 
out. It is more likely that inactivation is a link in photosynthesis itself. If 
this contention is used as a working hypothesis, however, it must be borne. 
in mind that a chlorophyll molecule is inactivated when it has taken part 
in the assimilation of a definite number of CO, molecules. This point of 
view was put forward by the author in 1942. 

The Fucus experiments showed that one molecule of chlorophyll was 
inactivated for 21 molecules of CO, assimilated (Steemann Nielsen 1942, 
p. 77). This quantity was calculated without taking into consideration the 
special conditions for absorption of light in a thick assimilation organ which 
is rich in chlorophyll (see p. 248). It is more likely, therefore, that about 
40 CO, molecules were assimilated (chlorophyll concentration 3 mg/dm?). 
It was impossible to make a comparable calculation for Cladophora, as the 
chlorophyll was not estimated with this material. 
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Franck & Herzfeld (1941) supposed that in photosynthesis, a single chloro- 
phyll molecule links with a CO,-acceptor molecule. This is still problematic 
(see Rabinowitch 1945, p. 545), but, if correct, it might be thought that the 
CO,-acceptor increases its chain length with about 40 carbon atoms, before 
the first free assimilation product is formed. Inactive chlorophyll might 
then be thought of, for instance, as chlorophyll coupled with CO,-acceptor 
molecules which have »completed assimilation», ie. increased their chain 
length, but where the assimilation product has not yet been liberated. Reac- 
tivation of chlorophyll would then be the liberation of the assimilation pro- 
duct, possibly with a recoupling of the CO,-acceptor and chlorophyll mole- 
cules. It is necessary to emphasise that these ideas are postulates to which 
there are possible alternatives. 

If, however, chlorophyll inactivation is a link in photosynthesis itself, it 
must be the rate of reactivation which decreases, in cases where it is found 
that much of the chlorophyll in bright light is inactive. This decrease is 
explicable if it is assumed that the amount of the enzyme (or one of the 
enzymes) taking part in reactivation has diminished, so that the amount of 
enzyme present becomes a limiting factor. 

Thus there is still a large number of unsolved problems. It is, however, 
possible to draw the following conclusions. In light, chlorophyll is inactivated 
continually in a photochemical process. This is counteracted by reactivation, 
a chemical process. Reactivation is usually sufficient, even in strong light, to 
ensure that most of the chlorophyll is in an active state. In some circum- 
stances, however, reactivation is reduced, or inactivation augmented, and 
a greater part of the chlorophyll becomes inactive. It is not yet certain 
whether the photochemical inactivation of chlorophyll is a link in photo- 
synthesis itself. 


7. Reduction of the Rate of Photosynthesis in Very Bright Light 


In the introduction it was mentioned that the light intensity-photosyn- 
thesis curve does not remain parallel to the axis of abscissas but, in very 
bright light, begins to fall away. At what degree of illumination the fall 
occurs is known to depend, among other things, on the plant species, the 
CO, tension, temperature, and the light intensity in which the plant has 
grown. 

Stalfelt (1939) and Myers & Burr (1940) have been particularly con- 
cerned with the effects of very bright light on photosynthesis. Myers & Burr 
conclude that the reduction of photosynthesis at high light intensities, with 
a CO,-deficiency, results from a chlorophyll sensitized photo-oxidation of 
one of the photosynthesis enzymes. Franck & French (1941), who investigated 
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Fig. 13. Photosynthesis in Cladophora insignis at very high light intensity. 
18°C, pH 8.1, 5:10—5% equiv. HCOs—/l. 11. 10. 1947. 


a similar reduction of photosynthesis resulting from oxygen surplus, also 
believe photo-oxidation of an enzyme to be the cause. 

Some work was carried out with Cladophora insignis on this strong light 
reduction of photosynthesis (C-supply in excess). These experiments show 
that reduction is not brought about. by the inactivation of chlorophyll, but 
of another part of photosynthesis: apparently one of the enzymes, as sup- 
posed by Myers & Burr, Franck & French (op. cit.). 

Fig. 13 illustrates a series of experiments at 18°C (11.10.1947). First, 
nine 10-minute experiments were made at 21,000 lux, during which the rate 
of photosynthesis remained constant. After changing to 60,000 lux the rate 
began to decrease; in about 30 minutes it seemed again to become constant, 
but on a lower level than at 21,000 lux. After returning to 21,000, the rate 
of photosynthesis increased again, reaching the normal value for this light 
intensity in 60 minutes. 

The reduction in photosynthesis at 60,000 lux cannot result from chloro- 
phyll inactivation, although an essential part of the chlorophyll has been 
in an inactive form. (See the series of experiments shown in Fig. 10, carried 
out three days later with the same plant material.) If the reduction had 
resulted from chlorophyll inactivation, a marked decrease in photosynthesis 
(i.e. about one third that at 60,000 lux) would have been expected after the 
change to 21,000 lux. 

The results shown in Fig. 14 are from experiments of 10 days later. The 
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Fig. 14. Photosynthesis in Cladophora insignis at very high light intensity. 
18°C, pH 8.0, 5-10-3 equiv. HCO,-/l. 


Cladophora was kept in darkness for 18 hours before the experiment, which 
was carried out at 18° C, with carbon source in excess. Illumination was 
at 21,000 lux for 80 minutes, of which the first 50—60 were the induction 
period. This was followed by 160,000 lux, and photosynthesis decreased 
slowly: slower than in the series of experiments 10 days before, where the 
light intensity was only 60,000 lux. But after 80 minutes at 160,000 lux a 
considerable reduction had taken place. When the illumination was now 
changed back to 21,000 lux, photosynthesis continued to decrease at first, 
but then increased again. After 50 minutes, the normal value for 21,000 lux 
was reached. 

The reduction in photosynthesis at 160,000 lux cannot result from chloro- 
phyll inactivation, as the change to 21,000 lux would have been accom- 
panied by a decrease in photosynthesis to about one eighth. But as there 
was some small decrease, it is clear that much of the chlorophyll was 
inactive at 160.000 lux. 

If the assumption that it is an enzyme which is destroyed by photo- 
oxidation is correct, it is likely that the plant can replace it rapidly. It was, 
in fact, only about an hour before the plant recovered from the effects of 
exposure to very high light intensities. The destruction probably occurs in 


weak light too. Here, however, the rate of enzyme replacement keeps pace 
with destruction. 
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8. Summary 


Using different plants it is shown that after changing from high to low 
light intensity, in certain cases, a temporary inhibition of the rate of photo- 
synthesis occurs. This can be understood as, in light, a continuous photo- 
chemical inactivation of the chlorophyll occurs, counteracted by a con- 
tinuous reactivation which is of a non-photochemical nature, and probably 
regulated by one or more enzymes. 

Normally, the rate of reactivation is so great that most of the chlorophyll 
at a given moment, even in strong light, is in an active state. Under certain 
conditions, however, either the rate of reactivation is reduced, or the rate 
of inactivation increased, so that a greater part of the chlorophyll mole- 
cules are inactive in strong light. While this has no important effect on 
photosynthesis in strong light, it has marked effects when there is a change 
to a weak light intensity, where the light intensity is the limiting factor. It 
is unlikely that inactivation is due to photo-oxidation of the chlorophyll. 

It is shown that inactivation of chlorophyll is not responsible for the de- 
crease of photosynthesis in very bright light, but this is probably brought 
about by photo-oxidative decomposition of one of the enzymes in photo- 
synthesis. 


The author wishes to express his appreciation to the Carlsberg Foundation for 
the grant received for this work. 
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Alanine as a Source of Nitrogen for Green Algae 
By 
SVEN ALGEUS 
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(Received June 30th, 1949) 


In a previous series of investigations the power of green algae to utilize 
glycocoll as a source of nitrogen was studied (Algéus 2, 3, 4, 5). The present 
investigation extends the work to the next higher homologue to glycocoll, 
viz. dl-alanine. Problems associated with the utilization of amino acids by 
the algae have been fully treated in earlier papers. In these a detailed 
description has also been given of the experimental methods. dl-alanine was 
used in a concentration of 1.25 g per litre, corresponding to about 10 mg 
nitrogen per culture. An excess of nitrogen was present. The following 
experiments were carried out: 

Exp. 1. Alanine+carbon dioxide in light. Exp. organism: Scenedesmus 
obliquus. Time curve with determinations of growth, assimilated nitrogen, 
ammonia nitrogen and pH every third (finally every sixth) day. Fig. 1. 
Table 1. 

Exp. 2. Only alanine in darkness. Exp. organism: Scenedesmus obliquus. 
Determinations as above. Table 2. 

Exp. 3. Alanine+carbon dioxide in light. 11 species. Determinations of 
growth etc. after 33 days. Table 3. 

Exp. 4. Alanine+ carbon dioxide+ glucose in light and darkness. 12 spe- 
cies. Determinations of growth etc. after 45 days. Table 4. 

The results of experiment 1 are visualized in Fig. 1. Growth ceases after 
about 14 days. Nitrogen assimilation is still going on after 63 days even if 
at a low rate. A small amount of ammonia is surrendered to the solution, 
the result being that the pH of the latter increases by about half a unit. It 
may be of interest to compare this experiment with the corresponding 
glycocoll experiment (Algéus 2, Figs. 1, 2). Table 1 indicates the various 
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Fig. 1. Growth, nitrogen assimilation, ammonia production, and pH changes in cultures 
with Scenedesmus obliquus (Exp. 1). The abscissae indicate the time in days, the ordinates 
give the number of cells per mm? (X——X), the nitrogen assimilation (O——-O) and the 
ammonia production (@—-@) in mg N per culture as well as the pH (A -- - /\). 


Table 1. A comparison between glycocoll and alanine as a source of nitrogen for Scene- 
desmus obliquus. Cultures with carbon dioxide in light (Exp. 1). 


Property studied Glycocoll| Alanine 

CelIS APE MMM NET sn ue 20,000 10,000 
Assimilated N; mg per culture ..| 1.5 127 
N-content per cell; mg ........ 15°10—10 | 34:10—10 
Rate of deamination of the in- 

dividual cell (average value) ; 

mg per cell per day ........ 3.7°10—12 | 1.1°10—12 
Ammonia; mg per culture ....|1.0 0.2 
BinalSpHae syn 8.2 115 
Time for N-assimilation; in days 30 > 60 


Property studied Glycocoll| Alanine 
CES IDE NME nee 120 70 
Assimilated N; mg per culture .. 0.012 0.006 
N-content per cell; mg ........ 20°10—10 | 20:10—10 
Ammonia; mg per culture ...... 0.032 0.017 
EinalgpElsgs 7.24: 2a“ 7.0 6.8 


Table 2. A comparison between glycocoll and alanine as a source of nitrogen and carbon 
for Scenedesmus obliquus. Cultures with only glycocoll or only alanine in darkness (Exp. 2), 
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Table 3. Growth, nitrogen metabolism and pH changes in cultures with alanine in light 


(Exp. 3). 
Growth; | Assimilated | Ammonia-N;| N-content 
Species cells N; mg per mg per per cell; Final pH 
per mm? culture culture mg'10—10 
Haematococcus pluvialis .. = 0.70 0 = 7.5 
+ 0.67 0 — 7.5 
Chiorella sp A 2,200 0.17 0 15. 22 
2,300 0.18 0 16. 1.2 
Chlorella vulgaris M ...... 9,400 0.31 0 6.6 725 
9,400 0.32 0 6.8 7.5 
Chlorella protothecoides .. 800 0.11 0 28. 751 
830 0.08 0 20. 721 
Ankistrodesmus falcatus .. 2,000 1.01 1.07 101. 8.4 
2,000 1.02 1.09 102. 8.4 
Scenedesmus dimorphus ..| 9,700 1.75 1.15 36.1 8.4 
9,600 1.73 1.15 36.1 8.3 
Scenedesmus acuminatus ..| 2,500 1.31 1.45 105 7.8 
2,600 1.33 1.44 102 7.8 
Stichococcus bacillaris ....| 8,600 0.24 0.03 5.6 7.3 
8,800 0.25 0.03 5.7 7.3 
FOLIES DEEE 2,200 0.69 1.34 58. 8.4 
| 2,200 0.67 1.33 61. 8.4 
| LU GMCINGS Posen Se +- 0.36 0 —- 7.5 
en 0.38 0 = 7.5 


values at the end of the experimental period. On account of the lower pro- 
duction of ammonia in the alanine solutions these assume a lower pH than 
the glycocoll solutions, which in its turn reacts on the number of cells, this 
increasing with rising pH (Algéus 1). At the end of the experiment both the 
cultures contain the same quantity of assimilated nitrogen, although the rate 
of assimilation is different. The equality in final content of assimilated nitro- 
gen is no doubt due to the assimilation being limited by a factor of the 
same nature in both cases. Calculations show that this factor may consist 
of the sulphur content of the nutrient solution, this amounting to 0.16 mg 
S per culture (as sulphate ions). If the nitrogen content of the proteins is 
taken as 16 °/o and the sulphur content as 0.5—2 °/o, and calculations on 
this basis are made of the sulphur content of the proteins of the cells, this 
will be found to lie between 0.047 and 0.19 mg. Whether the sulphur content 
has a limiting action on the protein synthesis will be the subject of a special 
investigation. 

The differences in the rate of nitrogen assimilation may possibly be 
referred to differences in the nature of the carbon source, which in its turn 
depends on differences in the pH. According to Osterlind (6), the CO, assi- 
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Table 4. Growth, nitrogen metabolism and pH changes in cultures with alanine+glucose 
in light and darkness (Exp. 4). 


ee em 
Light Dark 
Du |x rs Su [oF ef 
Eu oo i 2 a5 oo ; > 
Species 382.15 *2|s52|531 235. 832552 5 = | a 
3 El to © =) as = oO = | > E Zu3lg as = ofl] _ 
© 2 =] E =| © = | © 3 oS © A & E | © = © — a 
An SES MS 5% e|/@= 8/255) 65/8 me. LS 
OS (Bs ge. kM ries. (eee ES RES 
es hal ae < | 
Ghlorella SpA Me 2,200| 0.25 | 0 22. 6.8 0 = = — 
2,200! 0.29 | 0 26. 16.7 0 — — | — 
Chlorella vulgaris M ....| 7,800| 1.22 | 0.32 | 31.3 |4.3| 8,800| 0.91 0 21. 14.4 
8,100) 1.22 0.30 30.1 |4.2| 8,800) 0.94 0 21.45 
Chlorella protothecoides . 0 — = — |—| 1,400) 0.49 0 70. {3.1 
0 — | — | — |—| 1,400) 052) 0 | 74 |sı 
Scenedesmus dimorphus . 11,700} 3.30 | 0.21 | 56.5 8.0) 0 = = — — 
11,800] 3.32 0.19 56.2 18.0 0 — — = |= 
Scenedesmus acuminatus .| 8,300} 2.18 | 0.11 | 52.5 |7.3) 0 — — — |— 
8,500| 2.20 | 0.11 | 51.8 17.3 0 — — NE 
Scenedesmus acutiformis .| 9,400| 1.87 | 0.05 | 39.7 |4.8 950! 0.50 0 100. 15.8 
9,100} 1.85 | 0.06 | 40.6 |4.9| 1,000} 0.52 0 100. 15.9 
Stichococcus bacillaris ..132,700| 0.76 | 0 4.7 |4.5| 9,700) 0.33 0 6.8 |4.3 
32,500 0.78 | 0 4.8 |4.5| 9,400] 0.35 0 7.5 |4.4 
Hormidium sp. 2 :....... 10,000! 1.89 | 1.88 | 378. 17.8| 10,200} 1.26 0 246. |4.1 
| 10,000] 1.90 | 1.78 | 381. |7.8:10,300| 1.28 0 248. |4.2 


milation in Scenedesmus quadricauda.was proportional to the concentration 
of bicarbonate ions under pH=6.5. At higher pH levels, on the other hand, 
other factors had a limiting action. In the present case the pH is higher 
than 6.5. Moreover, a reduction of the photosynthesis by the use of inter- 
mittent light (12 hours light+12 hours dark) did not result in any note- 
worthy lowering of the rate of nitrogen assimilation (Algéus 5). Instead, the 
differences would seem to be associated with the differences in the rate of 
deamination of glycocoll and alanine. A remarkable fact is that the ammonia 
is not assimilated quantitatively by Scenedesmus obliquus, as was often 
found to be the case with the Chlorella species (Algéus 3, 4). Although a 
comparison between the glycocoll and alanine experiments is complicated 
by secondary changes in the solutions, it is educible from the above- 
mentioned experiments that glycocoll is a better source of nitrogen than 
alanine within the pH range mentioned because of the higher rate at which 
this amino acid is deaminated. 

With alanine as source of carbon and nitrogen in the dark (Exp. 2) the 
growth was insignificant and cell division took place only during the first 
few days of the experiment. The values at the end of the experimental 
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period and the corresponding values for the glycocoll cultures are presented 
in Table 2. Both the amino acids are useless as a source of carbon for Scene- 
desmus obliquus. 

Besides Scenedesmus obliquus, 14 other species were tested (Exp. 3; 
CO,+light). Of these, Hormidium sp. 1 gave no growth, furthermore three 
series had to be discarded on account of contamination with fungi. The 
results for the other 10 species are recorded in Table 3. As in the correspond- 
ing glycocoll experiments (Algéus 4, Table 1), the species can be divided into 
two groups, one comprising the Chlorella species, Zygnema and Haemato- 
coccus (the Chlorella type), the other taking in Ankistrodesmus, Scenedes- 
mus and Hormidium sp. 2 (the Scenedesmus type). In the Chlorella type the 
power of deamination limits the nitrogen assimilation, and ammonia is not 
present in the solutions at the end of the experimental period. In the Scene- 
desmus type another factor than the power of deamination has a limiting 
action, here probably the above-discussed sulphur content of the solution. 
The species group themselves in the same way as in the corresponding 
glycocoll experiments except for Haematococcus, which with alanine has 
shown a weak growth as well as a culture medium free from ammonia, 
thereby attaching itself to the Chlorella type. Stichococcus seems to occupy 
an intermediate position (cf. Exp. 4). The differences in cell division can 
be only partially ascribed to secondary pH effects and are most likely 
associated with the nature of the nitrogen source. 

With alanine+carbon dioxide+glucose (Exp. 4) the growth was very 
irregular. Haematococcus pluvialis, Ankistrodesmus falcatus, Hormidium 
sp. 1 and Zygnema gave no growth whatever either in light or darkness. 
The rest of the species tested are listed in Table 4. In general the light cul- 
tures are superior to the dark ones (except Chlorella protothecoides). Among 
the dark cultures several species did not exhibit any growth at all. As regards 
production of ammonia the light cultures fall into about the same groups 
as previously. In the case of Chlorella vulgaris M, however, ammonia occur 
in the nutrient medium, this being manifestly associated with the pH fall 
(Algéus 3, 4). The dark cultures are in all cases devoid of ammonia, which 
is the rule in the presence of glucose in darkness. The failure of several 
species to grow would seem to be connected with the previously mentioned 
inhibitive effect of glucose on the deamination. This has been found to 
assert itself most in darkness. In agreement with this seven of twelve tested 
species have not shown growth in darkness. Four of these seven species 
did not grow even in light. (These four species have not been included in 
Table 4.) A comparison with the corresponding glycocoll cultures (Algéus 4, 
Table 2) shows that the retarding effect of glucose on the deamination is 
greater when the source of nitrogen is alanine than when it is glycocoll, 
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which in its turn is due to alanine being deaminated at a lower rate than 
glycocoll. 


Summary 


1. dl-Alanine is a relatively good source of nitrogen for Scenedesmus 
obliquus. When the carbon source consists of atmospheric CO, (in light), 
the amino acid is used with liberation of ammonia. 

2. Alanine is deaminated at a lower rate than glycocoll and must be 
denoted as an inferior nitrogen source to the latter. 

3. If alanine is allowed to serve as both carbon and nitrogen source (in 
darkness), growth is very inconsiderable owing to alanine being an un- 
suitable source of carbon. 

4. Besides Scenedesmus obliquus, 11 other species representing the genera 
Haematococcus, Chlorella, Ankistrodesmus, Scenedesmus, Stichococcus, 
Hormidium and Zygnema were tested with respect to their power to utilize 
alanine. Of these, Haematococcus, Chlorella and Zygnema attach them- 
selves to the previously described Chlorella type: deamination limits the rate 
of nitrogen assimilation. In the other species the power of deamination is 
greater and an excess of nitrogen is given off to the nutrient medium as 
ammonia (the Scenedesmus type). 

5. In agreement with the findings from the previous experiments glucose 
exercises an inhibitive action on the deamination. Seven of twelve species 
tested gave no growth in darkness, four of these seven species did not show 
any growth even in light. The inhibitive effect of glucose is more obvious 
when the nitrogen source is alanine than when it is glycocoll, this being 
consonant with the fact that alanine is deaminated slower than glycocoll. 
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Principles and construction 


One of the central problems of plant ecology is the investigation of the 
relation between plants and the climate in which they live. To solve such 
problems it is necessary to gain information about the climate in the sur- 
roundings of the plants. Some knowledge may be inferred from the cli- 
matological data supplied by the meteorological stations. However, such 
data have serious defects from an ecological point of view. Since the data 
from a meteorological station should be as representative as possible of 
the area in which the station is located, the places are chosen and the 
observations taken in such a way as to minimize the effect of microclimatic 
factors. Nevertheless, microclimatic conditions may be of primary impor- 
tance to the plants. 

Observations made with the aim of elucidating such questions should 
be carried out within the plant communities, and the ecologists must be 
provided with their own instruments for recording the climatological con- 
ditions of the plant habitat. The apparatus mostly used for the registration 
of temperatures in the environment of the plants is the thermograph. By 
means of a thermograph we obtain a graph of the temperature as a func- 
tion of time within a certain period. 

The thermograph is a most useful instrument, though encumbered with 
two disadvantages, viz. 

(1) It can rarely work longer than a month without being attended to. 
Thus, observations in remote places and, e.g., under the cover of snow 
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during the winter are almost impossible. More extensive observations, 
therefore, can be made only in places easely within reach of the ecologist. 

(2) It is an expensive instrument and very few ecologists have sufficient 
financial support to use many thermographs at a time. 

The thermograph gives nearly all necessary information but, on account 
of its aforementioned disadvantages, it appears desirable to construct 
another apparatus even if it were less efficient in providing information 
than is a thermograph. 

For many purposes it is of interest to know for how long a period of 
the year the temperature was higher than a given temperature, e.g. 0° C. 
Factors of that kind have often been helpful in phytogeography. The goal 
would be reached when a chemical or physical process could be found with 
a velocity nearly independent of temperature and other climatic factors and 
which could be stopped at a certain temperature, e.g. by means of a 
thermostat. 

An attempt to construct such an apparatus was made along the following 
lines. The poles of a galvanic element with zinc and manganese dioxide as 
poles and a phosphate buffer as electrolyte were connected with a thermo- 
stat. Above a certain temperature the poles will be connected, dependent 
on the adjustment of the regulator. Such an element will have a small 
self-discharge and the E.M.F. will not vary appreciably with temperature. 
The discharge of the element will depend on the time during which the 
poles have been connected. This can be measured, when determining the 
manganese dioxide, by applying a solution af hydrocloric acid and potassium 
iodide in an iodometric bulb, and then titrating the liberated iodine by means 
of sodium thiosulphate. This attempt was soon given up in favour of another 
line offering better opportunities. 

We have to keep in mind that it is the principal problem to find a process 
which runs at constant velocity and can be interrupted at a certain tempera- 
ture. After having discussed this question with numerous colleagues, stud. 
mag. scient. Jostein Goksayr finally suggested that the photographic effect 
of radioactive radiation might be utilized. 

If a ray of light of constant intensity falls on a photographic plate the 
photographic density. is a function of the time during which the plate was 
illuminated. If an apparatus is constructed in which the illuminated spot 
moves as a function of temperature, and such an apparatus is exposed to 
varying temperatures, one may after a certain time obtain a photometric 
picture showing something about the temperatures prevailing during expo- 
sure and about their duration. A sheet of paper impregnated with a salt 
of a radioactive substance of sufficiently high stability, e.g. a salt of radium, 
will emit a constant radiation which affects a photographic plate. On the 
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basis of this knowledge the apparatus shown in Fig. 1 was built. The 
pointer (4) is connected with a bimetal strip (2) which bends with the 
temperature. In the depicted apparatus the connection is such that a tem- 
perature difference of 1° C gives a movement of nearly 0.2 mm at the apex 
of the pointer. 

At the apex a metal plate, 2 mm thick, is placed (5), and through this 
plate a 1 cm long slit is cut. The slit consists of two parts, an outer one of 
0.5 cm, 0.4 mm wide, and an inner one, 0.2 mm wide. 

The system of the bimetal and the pointer is fastened in a metal case (1). 
The pdinter moves parallel to the lid of the case (6), and when the lid is 
fastened the metal plate with the slit moves at a distance of 2.0 mm parallel 
to it. 

The lid seen from below is pictured in Fig. 1 c. In a frame (7) with two 
springs (8) a piece of a photographic plate is fastened so that both sides 
of the plate are pressed towards two sides of the frame. Thus, the plate 
is held in a known position within the frame. The photographic plate is 
1.5 mm thick. The upper side of the slit moves at a distance of 0.5 mm 
from the plate and parallel to it. 

Below the slit a piece of paper impregnated with radium sulphate is 
fastened. Only the «- and ß-rays going through the slit will reach the photo- 
graphic plate. Some of the y-rays going through the metal will reach the 
plate too, but these are of minor importance, as will be shown below. 

If a piece of a photographic plate is placed in the frame, the lid fastened 
to the case, and the apparatus left under variable temperatures, different 
parts of the photographic plate will be exposed to the radioactive radiation. 
Each time a certain temperature occurs, one definite sector of the plate 
will be exposed, and in the course of time the exposures will be added, If 
a suitable balance between the time of exposure, the activity of the radio- 
active paper, and the sensitivity of the plate is attained, a kind of »spectrum» 
is obtained of the temperatures that have occurred in the course of time. 
A photometer curve across the »spectrum» indicates the temperatures that 
have occurred and the period over which the temperature has been higher 
than a given value. To obtain such a result with some certainty a series 
of difficulties must be overcome. 


a. A homogeneous distribution of radium sulphate over the active paper 
should be obtained. 
b. A suitable photographic plate must be employed which does not change 


its properties during the exposure. It should preferably be much more 
sensitive to &- and ß-particles than to y-Tays. 


c. A suitable balance between the activity of the radioactive paper, the 
sensitivity of the plate, and the time of exposure must be found. 
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Fig. 1. Explanation 
in the’ text, p. 274. 


d. The relation between the time of exposure and the density of the photo- 
graphic plate must be calculated. 

e. The effect of temperature on the sensitivity of the plate must be known. 

f. A standard exposure at known temperatures must be made and a photo- 
meter curve must be drawn in the same way as in the original plates 
to show the sectors of the photographic plate corresponding to the 
temperatures. 

g. As the slit has a definite width the photometer curve gives no ideal, but 
only an approximate representation of the interrelationship between the 
temperature and the time of duration of each temperature, an error which 
must be corrected for. 

In the following we shall treat the aforementioned difficulties separately. 
(a) The most suitable method of preparing an active paper with a suf- 
ficiently homogeneous .distribution of the radium sulphate in the laboratory 


is, according to the author’s experience, as follows. 
One drop (approx. 0.05 ml) of a radium chloride solution is placed on 


a microscopic slide. A sheet of photographic paper of the usual type is 
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placed upon the drop with the gelatinous layer downwards. After about 3° 
seconds the paper is removed and dried between two pieces of blotting 
paper. (Training with a water-soluble dyestuff.) 

Subsequently, the paper is placed in a desiccator over pyrosulphuric acid 
emanating SO,. By this procedure the radium chloride is transformed into 
radium sulphate which is insoluble. In this way an active paper of great 
stability is obtained. 

If a radioactive paper thus prepared is placed on a photographic plate, 
the radioactive side towards the sensitive emulsion, and left there for a 
suitable period of time, the development will show an exposed mark of 
the shape of the radioactive piece of paper. It will also be seen that the 
radium sulphate is not quite evenly distributed, a result confirmed by photo- 
meter measurements. When, however, the paper, as in the apparatus, is 
placed at a distance of approx. 2.5 mm from the photographic plate, the 
radiation is somewhat homogenized. 

To test whether the paper gives a homogeneous radiation at a distance 
of 2 mm, a square hole, 1X1 cm, was cut in a 2 mm thick metal plate. 
Over the hole a radioactive paper was fastened with the active side down- 
wards. If the metal plate with the radioactive paper is placed on a photo- 
graphic plate a square mark, 1X1 cm, will be obtained, which, however, 
will not be homogeneous; there will be less radiation reaching the plate 
along the margins than in the centre. This is due, not to inhomogeneity in 
the distribution of radium sulphate, but to effects from the margins of the 
hole. If, however, the field is screened off, so that only 0.5X0.5 cm from 
the middle of the hole is open for radiation to reach the photographic plate 
(this may be done by making a hole, 0.5X0.5 cm, in a thin metal plate 
and fastening it to the thick plate, symmetrically over the hole opposite 
to the radioactive paper) a field of quite even density will be obtained. 
This assumption was confirmed by photometer measurements across the 
black spot thus obtained. 

This device was employed to secure a source of constant radiation, which 
was used to find the relation between the density of a photographic plate 
and the quantity of radioactive radiation received by the plate. 

It is then assumed that the radiation reaching the plate through the slit 
in the apparatus is of a sufficiently homogeneous distribution. 

(b) The photographic plate which was found most suitable for this 
purpose is the Agfa Normal Diapositive Plate. It is a finegrain plate of 
medium gradation; it is very stable and may be stored for years without 
changing its properties. It is sensitive to «-particles, less sensitive to G-par- 
ticles, and comparatively insensitive to y-rays. 

Plate types recently developed for nuclear research are not stable enough 
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Fig. 2. Relation between exposure 
and density of an Agfa Normal Dia- 
positive Plate subjected to radiation 
from a paper impregnated with 
radium sulphate during different 
periods. Abscissas: Exposure in 
hours. Ordinates: Degree of density, 
arbitrary units. Further explanation 
in text, p. 278. 


for this purpose, at least if the apparatus is intended to work over a long 
pericd. 

(c) If a radioactive paper is prepared as described under (a), using lug 
radium chloride in one drop, and placed with the active side downwards 
on the photographic plate for one hour, a distinct, but faint, grey colour 
is seen after development. 

To obtain the same degree of density with a piece of the same paper 
as applied in the apparatus at constant temperature, with a slit 0.5 cm long 
and 0.4 mm wide, a time of exposure of 40 hours is necessary. If the slit 
is 0.2 mm wide, a time of exposure of 80 hours is necessary. If a photo- 
graphic plate receives radiation from a piece of radioactive paper at some 
short distance, the intensity of radiation reaching any part of the plate will 
be proportional to the activity of the radioactive paper, and proportional 
to the solid angle under which the radioactive paper is seen from the 
exposed area. From this the above times of exposure may be calculated. 

As will be mentioned below, the time of exposure of the plate should not 
exceed that corresponding to 24 hours’ exposure of the radioactive paper in 
direct contact with the photographic plate. Thus, with the given construc- 
tion of the apparatus and the activity of the radioactive paper employed, 
no temperature interval of 2°C should exceed 40 days, unless the plate be 
overexposed. Thus, the balanee between activity of the radioactive paper 
and the sensitivity of the plate is suitable for recordings over one year in 
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climates commonly occurring in Europe. This balance may of course be 
varied within wide limits by employing different quantities of radium 
sulphate. 

(d) The relation between the radiation received by the plate and the 
photographic density was investigated in the following way. The device 
mentioned under (a) was placed on different parts of an Agfa Normal Dia- 
positive Plate for 7/,, 1 1}, 3, 4, 12, 24, and 48 hours. Subsequently the 
plate was developed and the density measured photometrically. The results 
are given in Fig. 2. As will be seen, the relation is very nearly linear up to 
24 hours exposure, whereafter the curve shows a slightly lower density than 
corresponding to linearity. 

This type of density curve is somewhat different from those generally 
obtained when photographic plates are subjected to different light intensities. 
Such curves are generally convex to the abscissa at the origin and after- 
wards they are approximately linear. Such a curvature at low intensities 
can, however, hardly be seen in the graph. This fact is most probably due 
to the following. If a grain in the emulsion of the photographic plate shall 
be developable after illumination with usual light it must have been hit by 
several photons. Thus, at low intensities, very few grains have received a 
sufficient number of hits to be developable. Consequently, there is no 
linearity between the degree of illumination and the density of the blackening 
at low intensities. 

If a photographic plate is exposed to &-radiation, one &-particle hits many 
grains and makes them developable. Only one hit is necessary to make one 
grain developable. If a plate was subjected to radiation with «-particles and 
developed, a study under the microscope will show how the developed grains 
are arranged along straight lines indicating tracks of q-particles. Thus the 
number of grains developed is, at low and medium intensities, directly 
proportional to the number af «a-particles which have hit the plate. From 
this it may also be understood why the plate is much less sensitive to 
y-rays than to «-particles. 

The linearity of the relation between the amount of radiation received 
by the plate and the degree of density is a very great advantage which 
facilitates the calculation of the results. 

(e) In order to test the sensitivity of the Agfa Normal Diapositive Plate 
to radioactive radiation as a function of temperature one piece of a plate 
was exposed for 12 hours by the device mentioned under (a) at +18° C; 
and then another part of the same piece of the plate was exposed for the 
same time at —5°C. The plate was developed, and by means of photo- 
meter measurements it was found that the degree of density differed by 
8 per cent. From this it may be calculated that the sensitivity of the plate 
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increases with increasing temperature at a rate of approximately 1 per cent 
per 3°C. 

(f) and (g) The influence of these factors on the results and the correc- 
tions introduced in practice will be discussed in the following section. 


Test of the apparatus 


In order to test the apparatus the following experiment was carried out. 
Through the courtesy of the Norwegian Meteorological Institute the author 
was permitted to have five instruments working in the meteorological 
registration hut a Blindern, Oslo, where continuous records are made by 
thermographs. 

All instruments were placed in the hut on December 18th, 1948. Three 
of them (Nrs. 23, 25, and 40) were removed on February 14th, and two 
of them (Nrs. 12 and 18) on April 17th, 1949. The plates were developed 
immediately after removal. 

From the photometer measurements of the exposed plates graphs can be 
constructed in which the abscissas represent the temperatures, and the 
ordinates the time during which the temperature has been higher than 
that indicated by the abscissas (see Figs. 4 and 5). From the thermograph 
recordings the same values may be calculated. 

For photometer measurements the plate is placed in a frame similar to 
that on the lid of the apparatus. The frame is fastened to a glass plate, 
and parallel to one of the short sides a scratch is made. This scratch will 
be registred in the photometer curves and serve as a zero line. The photo- 
meter readings are made across the plate parallel to the long side of the 
frame and at a known distance from the upper side. Such a photometer 
curve is shown in Fig. 3a. 

A standard photometer curve was made in the following way. The instru- 
ments with fresh photographic plates were placed for a certain time in 
incubators at 37.5° C, 18.7° C, 10.7° C, and 0.8° C. The plates were developed 
and photometer curves were drawn in the same way as with the observation 
plates. A photometer curve of such a standard plate is given in Fig. 3b. 

The photometer curves in Fig. 3 have been photographed on a grid where 
zero of the abscissa has been placed on the maximum of the photometer 
curve caused by the scratch in the glass plate on which the frame.is fastened. 
-Zero of the axis of ordinates corresponds to the line in the photometer dia- 
gram indicating infinite density. In this partieular curve no blackening of 
the plate (I,) corresponds to a value of the ordinate of 6.95. The density 
(S) is proportional to log bik. 


280 EILIF DAHL 


Fig. 3. Photometer curves. a. From the 
test of apparatus Nr. 12, 18/12/1948— 
17/4/1949. b. From the standard expo- 
sure with the same apparatus at tem- 
peratures of (37.5° Ge 1872. Gy 107% 
and 0.8° C. 


By the photometer measurements the scale of the abscissas has been 
magnified 5 times. 

In Table 1 an example is given of the calculation of the photometer 
curve. For each mm on the axis of abscissas of the photometer curve the 
I, and the I, are read, their logarithms taken and subtracted. Thus, in 
column 3, figures are given which are proportional to the density cor- 
responding to each value on’ the axis of abscissas. 

It is now necessary to find out which temperatures correspond to the 
abscissas. From the photometer curve of the standard exposure it may be 
read that an abscissa of 3.95 corresponds to 37.5° C, 5.9 to 18.7° C, 6.7 to 
10.7° C, and 8.12 to 8° C. These observations tally with a function of the 
second degree t=ax?-thx+e, 


a, b, and c calculated from these observations giving the equation 


= 0.3784 x? — 13.368 x+ 84.40. 


à a A SS Sm a 
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Table 1. Apparatus 12. 18/12/1948—17/4/1949. I, =6.95. 
a EEE 


SS Sx F (x 
x (mm) Ix log(To/Ix) corrected | K-F (x) |KIT-F@)] Gann 
co ee ie Sa ee EEE sh er ae See Leon 

6.2 6.95 0.0000 16.06 0.0000 0.0000 0.0 
6.3 6.93 0.0013 15.20 0.0012 0.0000 0.0 
6.4 6.90 0.0032 14.34 0.0030 0.0012 0.1 
6.5 6.87 0.0050 13.50 0.0048 0.0030 0.2 
6.6 6.88 0.0044 12.66 0.0042 0.0060 0.4 
6.7 6.88 0.0044 11.82 0.0042 0.0072 0.4 
6.8 6.82 0.0082 11.00 0.0079 0.0102 0.6 
6.9 6.65 0.0192 10.18 0.0185 0.0151 0.9 
7.0 6.50 0.0291 9.36 0.0281 0.0287 157 
(uk 6.28 0.0440 8.55 0.0426 0.0432 2.5 
122 6.08 0.0581 7.76 0.0565 0.0713 4.2 
hed 5.80 0.0786 6.97 0.0767 0.0997 5.9 
7.4 5.30 0.1177 6.19 0.1151 0.1480 8.7 
7.5 4.80 0.1608 5.42 0.1577 0.2148 12.6 
7.6 4.40 0.1985 4.65 0.1953 0.3057 17.9 
atl 4.10 0.2292 3.89 0.2262 0.4101 24.1 
7.8 3.82 0.2599 3.15 0.2570 0.5335 31.3 
1.9 3.78 0.2645 2.40 0.2624 0.6671 39.1 
8.0 3.65 0.2797 1.68 0.2780 0.7959 46.7 
8.1 3.55 0.2918 0.96 0.2909 0.9451 55.4 
8.2 3.55 0.2918 0.23 0.2915 1.0868 0.9604 63.7 
8.3 3.68 0.2762 — 0.48 0.2768 1.2193 0.8279 71.5 
8.4 3.80 0.2622 SD) 0.2632 1.3636 0.6836 79.9 
8.5 4.05 0.2345 — 1.88 0.2361 1.4825 0.5647 86.9 
8.6 4.35 0.2035 — 2.57 0.2057 1.5997 0.4475 93.8 
8.7 4.81 0.1599 — 3.26 0.1618 1.6882 0.3590 99.0 
8.8 5.00 0.1361 — 3.93 0.1380 1.7615 0.2857 103.3 
8.9 5.20 0.1260 — 4.60 0.1280 1.8262 0.2210 107.1 
9.0 5.55 0.0977 — 5.26 0.0995 1.8895 0.1577 110.8 
9.1 5.85 0.0748 — 6.01 0.0763 1.9257 0.1215 112.8 
9.2 6.03 0.0617 — 6.66 0.0631 1.9631 0.0841 1154 
9.3 6.23 0.0475 — 7.30 0.0487 1.9880 0.0584 116.5 
9.4 6.40 0.0358 — 7.93 0.0368 2.0117 0.0355 117.9 
9.5 6.60 0.0225 — 8.53 0.0231 2.0256 0.0216 118.7 
9.6 6.70 0.0159 — 9.15 0.0164 2.0348 0.0124 119.3 
9.7 6.80 0.0095 — 9.75 0.0098 2.0420 0.0052 119.7 
9.8 6.87 0.0050 — 10.34 0.0052 2.0446 0.0026 119.9 
9.9 6.91 0.0025 — 10.93 0.0026 2.0472 0.0000 120.0 
10.0 6.95 0.0000 — 11.48 0.0000 2.0472 0.0000 120.0 

37.5° C — 3.95 

18.7° C — 5.90 

0.8° C — 8.12 


0.3784 x? — 13.368 x + 84.40 — t. 


From this the temperatures corresponding to each value of the abscissas are 
calculated and given in column 4 of Table 1. 

Now, the effect of temperature on the sensitivity of the plate must be 
corrected for. For each 3°C rise in temperature there is an increase in 
sensitivity of the plate of 1 per cent. In column 5 we find the corrected 
values of the density, which are proportional to the time of exposure. 
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The next factor to be corrected for is the width of the slit. The slit is 
0.4 mm wide, corresponding to 2 mm on the axis of abscissas. In fact, 
from the photometer curves of the standard exposure it may be seen that 
the width corresponds to a somewhat larger value because the slit moves 
at a distance of 0.5 mm from the photographic plate, but this error is here 
neglected. 

The relationship between the temperatures and their duration in the period 
of observation might be represented in two different ways, either as 


y=F(t), 
where y denotes the time during which the temperature has been higher 
than the temperature t, or as y=f(t) 


where f(t) is the first derivative of F(t). If two temperatures are chosen, 
t, and t,, the area between the axis of abscissas, the ordinates t, and t,, and 
the curve f(t) will give the time during which the temperature has been 
between t, and tg. 

As will be understood, the photometer curve gives an approximation to 
a curve proportional to f(t). If we call the photometer curve (calculated in 
values proportional to the time of exposure) kg(t), and the width of the 
slit «, we have 


t+1/, a 
J f(t)dt=¢ kg(t) 
t— 1, a 
from which 
F(t+*/, a)—F(t—*/. a) =a kg(t) =kig(t). (1) 


We know that the maximum temperature which occurred during the 
observation period corresponds to the maximum temperature where we 
find a distinct blackening due to exposure —!/, «. In the same way we find 
that the minimum temperature is that corresponding to the minimum tem- 
perature during which any perceptible blackening of the plate is recorded 
+ ce Œ:. 

For all temperatures higher than the maximum, F(t) is 0. For all tem- 
peratures lower than the minimum, F(t)=T, where T is the duration of 
the observations. 

If we write the formula (1) in the form 


F(t+°/ a) =kig(t) +F(t—} a) 
it will be seen that values relative to F(t) may be calculated for all t 


(respectively x) from the maximum temperature and downwards. This has 
been done in column 6 of Table 1 (up to x —8.2). 
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Fig. 4. Results of tests of three instruments 18/12/1948—14/2/1949. Observations made 

in the observation hut, Norwegian Meteorological Institute, Blindern, Norway. Observations 

represent number of days with temperatures higher than that given on the abscissa. 

Rings: correct values calculated from the thermograph curves. Crosses: values calculated 
from the photometer curves. Further explanation in the text. 


One may, of course, in a similar way calculate values relative to T—F(t) 
from the minimum temperature and upwards (column 7). The coefficient 
of proportionality is obviously the same in both cases. If the values of F(t) 
are calculated from one side only, the errors of the first observations will 
continue in the whole series. To reduce the errors of observation it is there- 
fore convenient to calculate the values relative to F(t) from the maximum 
temperature and downwards and the values relative to T—F(t) from the 
minimum temperature and upwards, and connect the two series in the 
middle. These two series are computed from both sides in Table 1 until 
they meet in the middle at x=8.2 (t=0.23). In column 6, values relative 
to F(t) are given for the whole series calculated in this way. 

The maximum value of F(t) in column 6 is proportional to T. From 
this the coefficient of proportionality may be found and the whole series 
calculated in terms of time. This has been done in column 8 of the table. 

In the photometer measurements the slit in the photometer may introduce 
errors in the same way as does the slit in our apparatus. A narrow slit must 
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Fig. 5. Results of tests of two instruments during the period 18/12/1948—17/4/1949. 
For explanation, see Fig. 4 and text. 


be employed (in this case a slit 0.05 mm wide) to make the error due to 
this factor negligible. 

In Figs. 4 and 5 the results of the tests are given. The rings with dots 
give the data calculated from the thermograph curves of the Norwegian 
Meteorological Institute and represent the correct values. The crosses repre- 
sent the observations calculated from the photometer curves. 

As will be seen from the curves, the observations in three cases conform 
well with the correct values (Nrs. 12, 23, and 25). With two of the instru- 
ments (Nrs. 18 and 40) the curves are systematically too low. This error 
is due to the following fact. Great care must be taken to put the photographic 
plates in the correct position iu the frame during exposure. A divergence 
in the position of the photographic plate of 0.2 mm corresponds to a dif- 
ference in the results of the calculations by 1° C. The author was not aware 
of this critical point when he put the apparatus out for test. If the edges 
of the plate are not quite squarely cut, or if the spring pressing the plate 
towards the long side of the frame is hard, the plate may easily come in 
a slightly wrong position. This has undoubtedly happened in those two cases 
where the observations and the data calculated from the thermograph curves 
disagree. If one of the observations from the Meteorological Institute is 
employed to correct for this error it will be seen that these curves conform 
with the correct data as well as any of the others. 
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It will be seen that the apparatus gives the best results in the middle of 
the curves, but at the extremes the data are less accurate. Some curves 
tend to give slightly lower values at high temperatures and slightly higher 
values at low temperatures than the correct ones. These errors may be due 
to one or both of two causes. 

1. At the extremes each temperature interval is represented only for a 
short period of time. Thus, the time of exposure will be short at each tem- 
perature interval and, consequently, very low densities will be obtained 
which may be measured only with difficulty. The apparatus had a balance 
between the activity of the radioactive paper and the sensitivity of the plate 
suitable for observations over one year, but the observations lasted only two 
and four months, respectively. By another balance better results might be 
obtained. 

2. The apparatus will not instantly change its temperature when the 
temperature of the air changes, but will lag behind. This may cause inac- 
curate recordings of the extremes. This error may, at least partly, be reme- 
died by using a smaller apparatus with a less volume of air and especially 
if the air in the apparatus could circulate. 


Future possibilities 


The author does not assume that this arrangement is the best possible 
for an all round ecological apparatus. A new apparatus has already been 
constructed which is smaller, more handy, and cheaper. Instead of a square 
case, a round one is made, and a much longer piece of bimetal is applied. 
The round case is more easily made by an instrument maker, and by 
applying a longer bimetal strip the construction is simplified. 

For better recordings of the extremes perhaps a triple slit should be 
applied with one slit e.g. 1 mm wide. This gives a much greater photo- 
graphic activity than the 0.2 and 0.4 mm wide slits. For recordings near 
the extremes photometer measurements with a 1 mm wide slit may be 
used, while in other regions another width of the slit may be chosen. 

Obviously, this principle, although only with approximation, may be used 
for recording all factors which can be transferred to the movement of a 
pointer, e.g. humidity, air pressure, etc. The difficulty is that we do not 
know at which temperatures the exposures were made, and consequently 
errors due to differences in the sensitivity of the plate with temperatures 
cannot be corrected for. 

However, one factor may be made to vary with the temperature and used 
for necessary corrections, i.e. the width of the slit. If one side of the slit is 
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fastened to a bimetal strip, this may be determined such that at increasing 
temperature the width of the slit decreases, counteracting the difference in 
the sensitivity of the plate at different temperatures. Thus the discussed 
principle may be applied to a great variety of ecological, climatological, and 
meteorological instruments. 


Summary 


A new type of apparatus for recording temperatures over long periods 
has been constructed. A photographic plate is subjected to radioactive 
radiation, and the illuminated spot is moved as a function of temperature. 
If the apparatus is placed under varying temperatures one may after a 
certain period develop the photographic plate. By photometer measurements 
the temperatures that occurred during the registration period are found, and 
the duration of each temperature interval is given. 

The same principle may be used, with slight modifications, also for 
recording other factors than temperature. 


I am indebted to A/S Norsk Varekrigsforsikrings Fond for financial support, and 
to stud. mag. scient. Jostein Goksoyr, dr. Ivan Rosenquist, and mr. Kaare Langlo 
for valuable help and advices. Mr. Rutlin, Statens Rastofflaboratorium, has kindly 
carried out the photometer measurements. The Norwegian Meteorological Institute 
has given me invaluable help by testing the apparatus. 
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Introduction 


In a previous paper (3) the author discussed some irregularities in photo- 
synthesis which occur when a leaf is suddenly illuminated with strong light. 
The time necessary for adaptation was divided into three parts, viz., A: an 
initial CO,-uptake (I.U.), B: a gradual increase of photosynthesis (the light 
adaptation slope, L.A.S.), and C: the secondary peaks (S.P.) of which some- 
times more than one may appear. 

The I.U. and the L.A.S. have been studied and discussed previously; in 
this paper we will try to analyze the S.P. 

The technique used is described in (3); the light source was a high pressure 
mercury lamp (HO 2000). The leaves of the grass Holcus lanatus proved 
to be very convenient for studying the S.P., though most leaves of other 
plant species will also show their S.P. easily. Especially after short dark 
periods the S.P. is usually very clear. 


Influence of light intensity 


When temperature and the preceding dark period are kept constant and 
only the light intensity is changed, the experiments show that the secondary 
peaks occur only at light saturation or at intensities very near to it. (Fig. 1.) 

At lower light intensities the adaptation curve gradually changes into 
constant rate photosynthesis without showing any trace of a S.P. By in- 
creasing the light intensity gradually, the S.P. will appear when saturation 
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Fig. 1. Adaptation curves of photosynthesis at different light intensities after a dark period 
of 1 minute in air containing 3 °/o CO». S.P. strong at 30.000 lux, weak at 10.000 lux and 
none at 3.000 lux. 


is approached. A further increase of the intensity leads to a stronger S.P. 
At high light intensity more than one S.P. can be demonstrated, the first one 
always being the highest. 

The time at which the secondary peaks occur after the beginning of the 
illumination will not be changed by the light intensity. In one and the same 
leaf they will always be found at the same moment when temperature and 
the length of the preceding dark period are kept unaltered. Even in different 
leaves on different days the first S.P. will appear at approximately the same 
time after the beginning of the illumination. 


Influence of the dark period 


When investigating the influence of the preceding dark period on the S.P., 
temperature and light intensity must be kept constant. Figs. 2 and 3 shows 
the shape of the adaptation curves after different periods of darkness at a 
temperature of 17° C at saturation intensity. The curves show clearly that 
the duration of the dark period has a great influence on the moment at which 
the S.P. will appear. The following conclusions can be drawn from the 
curves of Figs. 2 and 3: 
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Fig. 2. S.P. after different dark 
periods at 20° C in air containing 


3 °/o COz. dark period 1 
minute, ——- dark period 3 
minutes, ----- dark period 6 
minutes. 


CO, content of gas 


Fig. 3. S.P. after different dark 
periods at 18° C in air containing 


3 °/o CO». dark period 1 
minute, ——— dark period 15 
seconds, ----- dark period 5 se- 
conds. 


(1) The height of the S.P. is rather indifferent to the length of the pre- 
ceding dark period. Only when the dark period is less than 15 seconds, the 
S.P. will become lower. 

(2) The longer the dark period has been, the later the S.P. will appear. 

(3) When the dark period has been so long that the leaf is strongly 
deadaptated, the first S.P. may be found on the adaptation slope, well before 
the L.A.S. has reached the constant rate level. (Fig. 2, 6 min.) 

(4) When the dark period has been so short that hardly any deadaptation 
is observed, photosynthesis will start at a higher rate than is reached at 


constant rate photosynthesis. (Fig. 3, 15 sec.) 
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Fig. 4. S.P. at different tem- 
peratures in Ns containing 
0,3 °/o O2 and 3 °/o CO2. 


1 2 3 4 Gy 6 min. 


Influence of temperature 


To investigate the temperature influence on the S.P. it is necessary to keep 
the dark period and the light intensity constant. This last factor, however, 
gives some difficulty because the S.P. does not depend so much on the 
absolute intensity as on the saturation degree. Thus, when keeping the light 
intensity constant and raising the temperature, the saturation degree is 
lowered. When, for instance, a leaf is illuminated well above light-saturation 
at 16° C, the S.P. will be very clear; but when the temperature is raised to 
30° C, this same intensity will be below saturation, so no S.P. will be found. 
Only by increasing the light intensity the S. P. will reappear. 

We tried to keep the light intensities near saturation value and found 
curves as shown in Fig. 4. These curves show that temperature has a 
special influence on the time of appearance of the S P. At lower temperature 
the S.P. will appear later than at higher temperature. Especially below 
10° C the S.P. will appear very late. Fig. 5 shows the time of appearance 
of the S.P. in one leaf at different temperatures. The first S.P. will at high 
temperature approach the shortest limit of 75 seconds after the beginning 
of the illumination, while below 7° C the S.P. will only appear after several 
minutes, or even be completely smoothed out. 


Influence of oxygen pressure 


Until now the experiments were made in air with about 3 °/o CO,. 
When the leaves of Holcus lantus were examined in N, containing 0,3 °/o 
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Fig. 5. Lapse of time between the beginning 
of illumination and the top of the first S.P. 
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O, and 3 °/o CO, we found that photosynthesis was about the same as in air. 
The shape of the adaptation curve was not different from the normal one; 
the influence of temperature and of light intensity remained also the same. 

But when examining the influence of the dark period a marked difference 
was found. A long dark period in the gas mixture with low O, content had 
the same effect as much shorter dark period in air; 30 minutes darkness 
in 0,3 °/o O, could be compared with 2 minutes in air (Fig. 6). 

This means that deadaptation occurs much more rapidly in the presence 
of a high O,-pressure. So possibly deadaptation is an oxydation of the adap- 
tation factor; during illumination this factor may be reactivated by the 
reducing action of the illuminated chlorophyll-complex. 


292 R. VAN DER VEEN 


CO, content of gas 


Fig. 7. Influence of dark period in pure Na with 3 °/o COs. A: original photosynthetic rate; 

B: photosynthesis after dark period of 1 minute; C: after dark period of 4 minutes; 

D: after dark period of 12 minutes; E: after dark period of 30 minutes. Anaerobiosis in 

dark causes disappearence of I.U. and of S.P. and results in a relatively long adaptation 
period. No recovery takes place during illumination. 


One might expect that when leaves are exposed to an atmosphere which is 
completely free from oxygen, deadaptation in darkness would be stopped 
altogether. Experiments to investigate this failed because then another 
phenomenon was observed which inhibited photosynthesis. 

A leaf exposed to light in an atmosphere of pure Nitrogen+3 °/o CO, 
showed normal photosynthesis. After a dark period of 1 minute however 
renewed photosynthesis could not reach the previous level, but remained 
constant at a lower assimilation rate. Another minute of darkness lowered 
it again. After 30 minutes of darkness photosynthesis was only a few per 
cent of what it was normally (Fig. 7). It remained at this low level without 
any recovery during several hours of illumination. However, when put back 
into air in darkness nearly complete recovery took place within a few hours. 

We got the impression that it was especially the I.U. which was attacked 
by anaerobiosis. When we examined heat-treated leaves (exposed to 48° C 
during 3 minutes) in which photosynthesis is damaged but the I.U. still 
exists we found the I.U. under anaerobic conditions very much reduced 
(Fig. 8) although it did not disappear altogether. 

It is not easy to explain why photosynthesis does not recover in light under 
anaerobic conditions but does recover in darkness when small amounts of 
oxygen are present. An explanation may be that the enzyme E,, responsible 
for the I.U., is destroyed by anaerobic fermentation and is formed by nor- 
mal respiration, accepting the idea of Kok (1) that respiration comes to an 
standstill when photosynthesis proceeds. 
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Experiments in Hydrogen 


Experiments in H, are of interest not only because H, is a reducing agent 
but also because in H, it becomes easily possible to determine the CO, uptake 
as well as the O, production. 

When CO, is assimilated and a corresponding amount of O, is liberated, 
the heat-conductivity of the gas mixture is increased. When however the 
CO, is absorbed after the gas has passed the leaf, then only differences in O, 
content rentain. More O, in an atmosphere of H, means a decrease of con- 
ductivity. So the O, line will give readings in the opposite direction and 
deviations which are larger. 

The first experiment done in H,+2 °/o CO, was to investigate whether 
the adaptation curve remained normal under these conditions. This was 
indeed the case when crude H, (with traces of O,, less then 0,1 °/o) was 
used. The O, curves showed the same details as the CO, curves, so they too 
could be divided into an I.U., a L.A.S. and S.P.’s. 

In the previous communication it was supposed that by heat-treatment 
of leaves (3 minutes at 48° C) the connection between the H-donor system 
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Fig. 10. Adaptation curves of normal leaves in H2+3 °/o CO2 (CO; line). The reversed 
LU. is visible, especially at low temperature. In the O2 line the reversed I.U. never occurs. 


and the chlorophyll complex is severed. If that is true the I.U., which still 
occurs quite markedly in such leaves, will only be found in the CO,-curve, 
but not in the O, curve. As seen in Fig. 9 this was indeed the case. A heat- 
treated leaf of Holcus lanatus showed a clear picture of the I.U. as well as 
of the reversed I.U. when CO, was investigated. When afterwards the O, 
was determined no trace of the I.U. could be found. A second investigation 
of the CO, line showed that the I.U. had not changed meanwhile. 

A remarkable feature of the adaptation curves in H, is that especially at 
lower temperature the reverse I.U., which in air occurs only when heat- 
treated leaves are used, begins to appear. A curve of a normal leaf in 
H,+2 °/o CO, taken at 7° C is very much like one of a heat-treated leaf in 
air (Fig. 10). But also at normal temperature at the end of the illumination 
period a small amount of CO, is liberated. 

So it seems as if in H, the connection between the H-donor and the 
chlorophyll complex is inhibited. When returned into air no trace of this 
inhibition is left, which means that no real damage has been done to the 
H-donor system. 


Discussion 


The experiments on the secondary peaks suggest that photosynthesis, being 
accelerated in the beginning of the illumination, is at a certain point inhibited 
by an agent, which is closely connected with photosynthesis. Immediately 
after the beginning of the illumination this inhibitor does not exist. When 
photosynthesis increases, it is developed unto a level where, at constant rate 
of photosynthesis, activator and inhibitor are in equilibrium. 

The existence and the shape of the secundary peaks suggest, that this 
inhibitor is developed during photosynthesis, but that its activity always 
lags behind the corresponding photosynthesis activity. During light adap- 


tation a certain level of inhibitor corresponds to a previous level of photo- 
synthesis. 
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By such a mechanism it becomes possible that photosynthesis in the first 
moments of illumination exceeds photosynthesis at constant rate. We must 
suppose that in dark the inhibitor disappears quicker than the adaptation 
factor. Thus in the first moments of illumination after a short dark pause 
there exists more adaptation factor than inhibitor, and photosynthesis can 
proceed very strongly. But a few moments later the inhibitor will reach a 
level corresponding to this very intense photosynthesis. Photosynthesis will 
then go down to a level below the constant rate level. Then again, the amount 
of inhibitor will decrease and photosynthesis increase. So one or more 
secondary peaks will appear before photosynthesis will proceed at a con- 
stant rate. 

If we try to fit these results into our scheme for photosynthesis (1), we 
find this easy to do. 


4CO, hy 4H,0 
| Ei | chl. | 
| 
+ Y 
4(CO,) HX +7 + X + HZ 4(HOH) 
A N 
RR ARE Ro | 
te. \ ui va | 
4(CO,H) nz 2(H,0,) 
E, E, 
+ Y 
CH,0 + 3C0, + H,O O, + 2H,0 


We found it plausible to accept the reaction catalysed by the enzyme E, 
as the process that is activated during the adaptation of the leaf. Thus E, is 
a symbol of the adaptation factor. When at a certain moment T during the 
adaptation the level of photosynthesis is A, at.about the same moment a 
quantity of (H,O,) is formed which corresponds to this level A of photosyn- 
thesis. Than this quantity (H,0,) is decomposed, probably by a catalase-like 
enzyme, so that after a certain time an amount of free O, appears. This 
oxygen or may be the peroxide (H,O,) may slowly oxidise E, and act in this 
way as the inhibitor. 

If oxygen is an inhibitor of photosynthesis, a fact that often has been 
observed (5), then it is easily understood why the adaptation curve can 
make such a pendulating movement before attaining the constant rate level. 
Also it is obvious that after short dark periods, when the adaptation factar 
is still very active, photosynthesis can reach a greater speed than is reached 
at constant rate level. But only for a short time, because then a correspond- 
ing amount of O, is liberated, which will slowly inhibit photosynthesis 
stronger than the normal inhibition at constant rate. 
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One might expect that in an atmosphere devoid of O, photosynthesis will 
be stronger than in air. This, however, was not the case with Holcus lanatus. 
Possibly the O, pressure of the surrounding gas does not cause a great dif- 
ference in the pressure in the illuminated and O,-producing chloroplasts. 

But the observation that the inactivation of the adaptation factor in dark- 
ness proceeds much quicker in air than in nitrogen, makes it probable that 
the inactivation of this factor means an oxydation. During illumination this 
factor is slowly reduced to activity by the reducing power of the chloro- 
phyll in light. 

A paper which should be mentioned here is one by Steemann Nielsen (2) 
who accepts an inhibiting factor for photosynthesis, which gets stronger, 
the quicker photosynthesis proceeds. 


Summary 


In this second paper induction phenomena experiments on secondary 
peaks of the adaption curve are discussed. These experiments make it prob- 
able that photosynthesis is inhibited by an agent which is formed during 
photosynthesis and acts with a certain lag of time. The secondary peaks 
have their origin in this slow action of the inhibitor, which may be.O, or 
perhaps some organic peroxide. 

Experiments in nitrogen with very little oxygen show that the inactivation 
of the adaptation factor (E,) is probably caused by an oxidation of this 
factor, while its activation may be caused by a reduction by the illuminated 
chlorophyll complex. 

Experiments in pure nitrogen with CO, make it probable that the initial 
CO,-uptake is damaged in dark under anaerobic conditions, but that recovery 
takes place when oxygen is present. 

Experiments in hydrogen confirm the supposition made in the first paper, 
that by heat-treatment of leaves (exposing leaves of Holcus lanatus to 48° C 
during 3 minutes) the connection between H-donor and chlorophyll is 
damaged. 
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Arbeitsteilung im Buchenholz 
Von 
D. MULLER 


Pflanzenphysiologisches Laboratorium der Universität, Kopenhagen 
(Eingegangen am 3. Oktober 1949) 


Neulich hat Schmucker (7) darauf aufmerksam gemacht, dass einige Blut- 
buchen (Fagus silvatica var. purpurea) Anthocyan im jiingsten Jahresring, 
aber auch nur in diesem, enthalten. Hieraus wird mit Recht auf eine physio- 
logische Sonderstellung des jiingsten Jahresringes der Buchen geschlossen. 
In demselben Aufsatz schreibt Schmucker, dass tiber Arbeitsteilung im 
Buchenholz sonst nur weniges bekannt ist. Es gibt namentlich zwei Fragen: 
Wie viele Jahresringe enthalten lebende Zellen und wie viele Jahresringe 
leiten den Transpirationsstrom? 

Die ältesten Jahresringe einer mehr als 50—70 jährigen Buche sind ent- 
weder rotes Kernholz oder weisses Reifholz (»weisser Buchenkern»). Der 
rote Buchenkern, das rote Kernholz, ähnelt dem Kernholz anderer Bäume 
dadurch, dass es keine lebenden Zellen enthält (Möller & Müller, 6) und 
dass es wiederstandsfähiger gegen Pilze ist als das Reifholz (Buchwald, 1; 
Gäumann, 2). Das Reifholz hat ungefähr dieselbe Farbe wie der Splint, aber 
erscheint doch weniger feucht als das jüngere Holz, indem das letztere einige 
Prozent, im Mittel 4 Prozent, mehr Wasser enthält. Das Reifholz der Buche 
enthält lebende Zellen. Nach Strasburger (8, p. 275) enthielt eine 124-jährige 
Buche noch Stärke bis zum 80 Jahr alten Jahresring und enthält darum 
auch lebende Zellen die 80 Jahre alt sind. Besser als diesen Stärkenachweis 
zu führen, ist es indessen, zu untersuchen, ob man Atmung im älteren Holz 
nachzuweisen vermag. Möller & Müller (6) haben noch im Holz von den 
ältesten 9 Jahresringen einer 109-jährigen Buche mit Sicherheit lebende 
Zellen nachgewiesen. Da Zellteilungen im älteren: Holz nicht stattfinden, 
haben wir somit 100—109 Jahre alte lebende Zellen gefunden. 
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Die andere Frage, in wie vielen Jahresringen der Transpirationsstrom 
steigt, habe ich in zweifacher Weise zu lösen versucht. Erstens kann man 
folgende Berechnung machen: Nach Hartig (3) hat eine 120-jährige Buche 
ca 200000 Gefässe pro Jahresring, jedes Gefäss mit einem Querschnitts- 
areal von ca 0,0035 qmm. Das gibt ein leitendes Querschnittsareal von ca 7 
qem. Die Geschwindigkeit des Transpirationsstromes ist während des Tages 
höchsteus 1 m pro Stunde (Huber, 5), während der Nacht aber unbedeutend. 
Das gibt in 10 Stunden ungefähr 7 Liter, in der belaubten Periode somit 
1000 Liter. Aber eine 120-jährige Buche verliert durch Transpiration unge- 
fähr 10 000 Liter pro Jahr (1 ha Buchenwald hat ungefähr 200 100-jährige 
Buchen und eine Transpiration von 20 cm=2000 t Wasser pro ha, d.h. 
10 000 Liter pro jede Buche). Darum muss der Transpirationsstrom in 10—20 
Jahresringen laufen um den Transpirationsverlust decken zu konnen. 

Die Frage last sich aber auch experimentell lôsen. Während des Fallens 
eines belaubten Baumes wird auf die Schnittfläche ständig ein dicker Strahl 
von 0,1 °/o Lösung von Lichtgrün (in dieser Konzentration nach Harvey [4] 
ganz ungiftig) gespritzt, so dass der Baum so zu sagen unter Wasser abge- 
schnitten wird. Sogleich nach dem Fällen werden kleinere Bäume — bis 
30 Jahre alt — in einen Eimer mit Lichtgrünlösung gestellt. Dann wird der 
Stamm in verschiedenen Höhen überschnitten und man sieht leicht in wie 
vielen Jahresringen der Transpirationsstrom geht. In dieser Weise erhielt 
ich folgende Resultate mit Buchen in einem Wald auf Seeland, Dänemark: 


Buche, 28 Jahre alt, 4,5 cm Diam. in 1,3 m Höhe. Gefällt am 6. Aug. 1948, 10 
Uhr, und 10 Minuten in Lichtgrünlösung gestellt. Nach einer Stunde in verschiedenen 
Abständen von der Fällfläche übergeschnitten: In 25 cm Abstand waren die 14 
jüngsten Jahresringe gefärbt, in 50 cm Abstand waren 12 gefärbt, in 1 m Abstand 
waren nur die 2 jüngsten Jahresringe gefärbt, in 1,5 m Abstand waren keine gefärbt. 

Buche, 28 Jahre alt, 6,7 cm Diam. in 1,3 m Höhe. Gefällt am 7. Aug. 1948, 10 
Uhr, um 11 Uhr untersucht: In 25 cm Abstand von der Fällfläche waren die 16 
Jüngsten Jahresringe gefärbt, in 50 cm Abstand waren die 10 jüngsten Jahresringe 
gefärbt. 

Buche, 30 Jahre alt, 7,3 cm Diam. in 1,3 m Höhe. Gefällt am 6. Aug. 1949, 17 
Uhr; 30 Minuten in Lichtgrünlösung gestellt, dann untersucht. In 10 cm Abstand 
von der Fällfläche waren die 16 jüngsten Jahresringe gefärbt, in 25 cm Abstand 
waren 15 gefärbt, in 50 cm Abstand waren 7 gefärbt und in 75 cm Abstand waren 
nur die 2 jüngsten Jahresringe gefärbt. 

Buche, 30 Jahre alt, 6,3 cm Diam. in 1,3 m Höhe. Gefällt am 6. Aug. 1949, 17 
Uhr; 30 Minuten in Lichtgrünlösung gestellt, dann untersucht. In 10 cm Abstand 
von der Fällfläche waren die 13 jüngsten Jahresringe gefärbt, in 25 cm Abstand 
waren 10 gefärbt, in 50 cm Abstand waren 7 gefärbt und in 75 cm Abstand waren 
nur die 2 jüngsten Jahresringe gefärbt. 

Buche, 48 Jahre alt, 17 cm Diam. in 1,3 m Höhe. Gefällt am 16. Aug. 1948. Die 
24 jüngsten Jahresringe nahmen an dem Wassertransport teil. 
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Esche, (Fraxinus excelsior), 16 Jahre alt, gefallt am 13. Aug. 1948, 15 Minuten 
in Lichtgriinlésung gestellt, dann untersucht. Nur der jüngste Jahresring war ge- 
färbt, und zwar in einem Abstand von mehr als 1 m von der Fällfläche. 


Wir sehen, dass der Transpirationsstrom im Buchenholz nur in den 13—24 
jüngsten Jahresringen geleitet wird und am schnellsten in den 2 jungsten 
Jahresringe. Die 2 jiingsten Jahresringe diirfen iiberdies auch etwas stärke- 
armer als die nach innen folgenden sein (Strasburger, 8, l.c., p. 275). Dies 
bestätigt somit die Vermutung, dass es im Holz der älteren Buchen eine 
Arbeitsteilung gibt: Die zwei jiingsten Jahresringe leiten den Transpirations- 
strom am schnellsten, und der Transpirationsstrom wird überhaupt nur in 
den 13—24 jiingsten Jahresringen geleitet. 


Zusammenfassung 


Durch Aufspritzen einer 0,1 °/o Lichtgrünlösung auf die Schnittfläche von 
Buchen (Fagus silvatica) wahrend der Sommerfallung wurde nachgewiesen, 
dass der Transpirationsstrom am schnellsten in den 2 jiingsten Jahresringen 
steigt, und dass bei 30—48-jahrigen Buchen der Transpirationsstrom nur 
in den 13—24 jiingsten Jahresringen aufsteigt. 
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The Permeability of Plant Protoplasts to Small Molecules 
By 
RUNAR COLLANDER 


Botanical Institute, University of Helsingfors 
(Received October 19th, 1949) 


The question of the effect of molecular size on the permeation power of 
different substances is not yet definitely settled. On the one hand the well- 
known ultra-filter theory of Ruhland has still some adherents (Ullrich 1948) 
while, on the other hand, especially Danielli (Davson and Danielli 1943) 
denies the sieve-effect of the plasma membrane entirely. It thus seems desir- 
able to investigate the possible importance of the molecular size factor more 
closely. In the present paper we shall try to do so by comparing the perme- 
ation power of the very smallest molecules with that of somewhat greater 
molecules of similar lipoid solubility. 


I. The Internodal Cells of Chara ceratophylla 


Collander and Barlund (1933), in their investigation of the permeability 
of the protoplasts of Chara, reached the conclusion that, although the lipoid 
solubility is by far the most important factor determining the permeation 
power of organic solutes, this power is also to a certain extent influenced 
by the molecular size in that the very smallest molecules permeate con- 
siderably more rapidly than somewhat greater molecules of similar lipoid 
solubility. 

Danielli (loc. cit.) rejects the arguments of Collander and Bärlund as 
qualitative only and therefore as unconvincing. He says that there is no 
justification for plotting the permeability constant P against oil/water parti- 


tion coefficients as was done by Collander and Bärlund. Instead, one has to 
2500 x 


plot PM? (in the case of rapidly penetrating molecules) or PM?e kr (in the 


[300] 


THE PERMEABILITY OF PLANT PROTOPLASTS TO SMALL MOLECULES 301 


case of slowly penetrating molecules), against the partition coefficient. »Then, 
for a homogenous lipoid layer, the points should lie between two lines 
distant by a factor of 5 from the average line.» He presents graphs produced 
in this way on the basis of the experimental results of Collander and Bar- 
lund and finds that their values fall within these limits. He concludes that 
»within the range of molecular species studied, molecular volume is not a 
factor affecting the rate of penetration». | 
The graphs of Danielli (loc. cit., Figs. 26 and 27) seem, at first sight, very 
convincing. In scrutinizing them more closely one finds, however, that they 
are not altogether unobjectionable. The following points deserve especial 


attention. 
2500 x 


(1) In the expression PM?e xt which in Fig. 26 is plotted against parti- 
tion coefficients »x equals number of non-polar groups, such as CH,, per 
molecule» (Davson and Danielli, p. 81). From the book by Davson and 
Danielli it cannot be seen just what values of x have been used, but Dr. 
Danielli has kindly informed me that he used, e.g., the value 1 for glycol, 
1*/, for glycerol, 2 for erythritol, 1 for urea, 1 1}, for methyl-urea. These 
values seem rather uncertain. It seems, therefore, that the results arrived 
at on the basis of Fig. 26 must be somewhat doubtful. (Besides, the point 
representing urea in Fig. 26 has erroneously been placed 17 mm too much 
to the left.) 

(2) Eormamide, one of the chief substances indicating an ultra-filter 
action of the plasma membrane, has regrettably been entirely omitted from 
the graphs of Danielli. (Three other, less important, substances have also 
been omitted.) 

(3) Methanol occupies also in Fig. 27 of Danielli, just as in Fig. 10 of 
Collander and Barlund, an exceptional position although this fact is some- 
what obscured in Fig. 27 by the circumstance that the scale of the ordinate 
is less than half of that of the abscissa. 

In order to avoid these weaknesses of Figs. 26 and 27 of Danielli, and 
also those of Fig. 10 of Collander and Barlund, Fig. 1 of the present paper 
was constructed. It differs from Fig. 10 of Collander and Barlund in the 
following respects: — (1) PM? is used in stead of P as ordinate. (It should, 
however, be kept in mind that, according to Danielli, this is the correct 
expression only for rapidly penetrating substances, i.e., about for the upper 


half of the present graph, while for the more slowly penetrating substances 
2500 x 


the expression PM?e kt should properly have been used. In view of the 
uncertainty of the x values we have, however, avoided the use of it.) — 
(2) The line B is drawn so as to fit the majority of the points while the 
lines A and C represent values 5 times greater or smaller than these. — 
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Fig. 1. The permeability of Chara cells to organic non-electrolytes of different oil 
solubility and different molecular size. Ordinate: PM5. Abscissa: olive oil/water 
partition coefficients. 


(3) For methanol two different points are inserted. The lower of them is 
based on the minimum value of P pan (0-99 cm/h) given by Collander 
and Bärlund while the upper one is based on the assumption that the P nano 
value (1.7 cm/h) found by Wartiovaara (1944) in his careful work on 
Tolypellopsis is valid also for Chara. In reality, however, the P values found 
for Tolypellopsis are, on an average, about 5 times smaller than those found 
for Chara. Even the upper point should, thus, be considered as a minimum 
value only. It has, therefore, been provided with an upwardly directed arrow. 


Recently some new experiments on the permeability of the Chara cells to metha- 
nol have been conducted using a technique somewhat resembling that of Wartio- 
vaara (1944, 1949) and thus clearly superior, at least in the case of very rapidly 
penetrating substances, to that used by Collander and Bärlund. In order to reduce 
the diffusion resistance of the cell sap as far as possible, cells only 0.7—0.9 mm 
thick were chosen while those used by Collander and Bärlund were, generally, 
about 1.2—1.4 mm thick. The permeability of each cell to methanol was determined, 
first, while the cell was still living, and then, after the cell had been killed by heat. 
The permeability constants found at 20° C were, on an average, 2.7 cm/h for living 
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cells and 4.4 for the same cells when dead. From this the permeability of the 
plasma membrane can be approximately calculated using a formula proposed by 
Wartiovaara (1944, p. 11) as 7 cm/h. This result, although not very exact, corro- 
borates the view that the minimum values for Pyethanoı used in constructing Fig. 1 
are in fact considerably smaller than the real value. 


(4) Water was omitted from the graph of Collander and Bärlund because 
the oil/water partition coefficient of this substance was not known at that 
time. Now, according to Parsons and Holmberg (1937), this coefficient is 
about 0.0007. The permeation power of water, on the other hand, is at least 
as great as that of methanol. (Cf. Collander and Bärlund 1933, Wartiovaara 
1944, 1949.) Supposing that P_ er =Pretnancı it is thus possible to insert in 
Fig. 1 two points for water, corresponding to the two points for methanol, 
but the upwardly pointing arrows indicate that the true value would prob- 
ably be higher. — (5) The substances whose partition coefficients or P values 
are smaller than those of glycerol have been omitted, their values being very 
uncertain. 

It is seen that our Fig. 1 has very much the same general appearance as 
Fig. 10 of Collander and Barlund. This is so because the molecular weights 
of the substances studied differ so little from each other that the influence 
of the factor M? is but very small. Above all it must be noted that the very 
smallest molecules, i.e., at least those of water (M=18), methanol (M=32), 
formamide (M=45), and ethylene glycol (M=62), have PM? values which 
are more than 5 times greater than the »normal» values. 

It seems thus that, although lipoid solubility is by far the most impor- 
tant factor governing the permeation through the plasma membrane of the 
Chara cells, the influence of molecular size is in this case greater than 
assumed by Danielli. 


II. Other Protoplasts 


In the case of other plant protoplasts we have not studied their behaviour 
towards a great number of different substances but confined ourselves to 
the comparison of a few compounds of special interest. These substances 
are: (1) formamide, acetamide, propionamide, (2) ammonia and some alkyl 
amines, (3) water, methanol, ethanol, and (4) urea and methyl-urea. The 
comparison is based partly on statements in the earlier literature and partly 
on experiments not formerly published. 


1. The Permeation Power of Formamide, Acetamide, and Propionamide 


In all experiments hitherto published (Collander 1925, Barlund 1929, Col- 
lander and Barlund 1933, Hofmeister 1935, Marklund 1936) plant cells have 


21 
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been found somewhat (mostly about 1 !/,—2 times) more permeable to form- 
amide than to acetamide. This is a remarkable exception to the general rule 
that, within each homologous series, the permeation power increases regularly 
with increasing length of the carbon chain. 

Two objections may, however, be raised against these results: — (1) Form- 
amide is, contrary to acet- and propionamide, very hygroscopic. It seems, 
therefore, conceivable that the samples of formamide used may have con- 
tained so much water that their plasmolytic effect was considerably weaker 
than it would otherwise have been. This objection does not refer, however, 
to the case of Chara which was not studied plasmolytically but using che- 
mical methods. — (2) It seems possible that the cells treated with form- 
amide may have had their permeability abnormally increased due to the 
toxic action of certain impurities (especially formic acid) in the samples used. 

The author has, therefore, found it worth while to carry out some plasmo- 
lytic experiments with formamide and other fatty acid amides with special 
regard to these pitfalls. In these experiments he was actively assisted by 
his wife. 

The first-named source of error can, of course, be avoided by using solu- 
tions whose concentrations have been determined cryoscopically. 

In order to avoid the second source of error we have purified the com- 
mercial formamide either by distillation in vacuo or by freezing out. In this 
way we obtained samples whose melting point was about —2° C. They 
contained about 6 equivalents of free acid on 1000 mols of formamide. In 
preparing the plasmolyzing formamide solutions so much phosphate buffer 
of pH 7.0—7.4 was generally added that the pH value of the resulting 
solution was 5.5—6.0. To the solutions of acetamide and propionamide a 
corresponding amount of phosphate buffer of pH 6.0 was added. The phos- 
phate concentration of the plasmolyzing solutions was m/150—m/75. 

It was still more important, however, that the penetration of the different 
amides was not followed successively, but in such a way that the two 
amides to be compared penetrated the same protoplast simultaneously in 
opposite directions. This was achieved by the following modification of 
Hôflers plasmometric method: — 

The cell to be studied is first plasmolyzed with a solution containing m 
mols/litre of a non-penetrating solute (either sugar or a mixture of sodium 
chloride and calcium chloride). The volume of the plasmolyzed protoplast 
is now v,. The surrounding solution is then replaced with a solution con- 
taining m mols/litre of the same non-penetrating solute as the first solu- 
tion+n mols/litre of, say, acetamide. This causes a new contraction of the 
protoplast followed by a partial recovery due to the penetration, little by 
little, of acetamide accompanied by water. Finally the volume v, is again 
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reached. This shows that the concentration of acetamide is now the same 
in the cell sap as in the surrounding solution. The solution is then replaced 
by a solution containing m mols/litre of the non-penetrating solute+n mols/ 
litre of, say, formamide. Acetamide now diffuses out of the cell while form- 
amide at the same time diffuses in the opposite direction. The penetration 
rates of the two amides are, therefore, strictly comparable. Three alternatives 
are conceivable. (1) P,.etamige Prormamiae: In this case the total concentration 
of the amide in the cell sap remains constant. The volume of the protoplast 
remains, therefore, also constant. (2) P,octamiae<Prormamide IN this case the 
formamide enters the protoplast with a greater rapidity than the acetamide 
leaves it. The protoplast will, therefore, first swell whereupon it gradually 
again reaches the volume v,. (3) P,cetamide > Prormamiae In this case the proto- 
plast will first shrink and then again swell until it reaches the volume y,. 


In order to be able to observe the volume changes of the plasmolyzed protoplasts 
continuously most of our experiments were carried out using the following device. 
Two rectangular plates cut from a cover-glass were cemented with paraffin or 
Canada-balsam on the upper side of a glass-slide so as to leave a gap or channel, 
about 2—4 mm broad, between them. A mixture of lanoline and vaseline was 
smeared over their upper surfaces. The object to be studied (an algal filament or 
a section from the tissue of a higher plant) was then streched across the gap in a 
drop of water. Finally, the drop was covered with a cover-glass to the under sur- 
face of which two rectangular pieces of, cover-glass, similar to those cemented to 
the glass-slide and covered with the same smearing mixture, had been cemented. 
The resulting »plasmolyzing chamber», roughly 1 mm deep, was then placed on 
the microscope-stage which was held in a somewhat inclined position. In order to 
have the plasmolyzing chamber flooded through with the plasmolyzing solutions, 
each of these was poured into a test-tube whose bottom had been drawn out to a 
capillary of such a width that the solutions dropped through it with a suitable speed 
onto the glass-slide and then flowed through the plasmolyzing chamber. 

The experiments were carried out at temperatures between 16 and 22° C. The 
amide concentration was 0.25—1.0 mol/litre. The salt concentration was about 0.5 
mol, the sugar concentration about 1 mol. All solutions used were freshly prepared 
using tap water as solvent. Generally two protoplasts were observed simultaneously. 


These experiments were carried out with the following types of cells: 
(A) Spirogyra sp. (probably Sp. majuscula), (B) Zygnema sp., (C) subepider- 
mal cells of the stem of Majanthemum bifolium (cf. Hôfler 1934), (D) epider- 
mal and subepidermal cells from the upper side of the mid-rib of the leaves 
of Taraxacum officinale (both young and old leaves were used; cf. Mark- 
lund 1936), (E) epidermis cells of the stem of Lamium purpureum and L. 
hybridum (cf. Weixl-Hofmann 1930, Rottenburg 1943), (F) epidermis cells 
of the inner (morphologically upper) side of the bulb scales of Allium 
cepa, and (G) leaf cells of Elodea densa (both young and old leaves; cf. 
Marklund 1936, Collander and Wikstrôm 1949). 


306 RUNAR COLLANDER 


2 à 
CA 
25 50 


75 100 

Fig. 2. Volume changes of two protoplasts of Spirogyra in solutions of different fatty 

acid amides. Ordinate: lengths of protoplasts in micrometer scale units. Abscissa: time 
in minutes. 
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Fig. 3. Volume changes of two protoplasts of Allium in solutions of different fatty acid 
amides. Ordinate: lengths of protoplasts in micrometer scale units. Abscissa: time in 
minutes. 


In spite of the diversity of these cells they all behaved in much the 
same manner towards the three amides. Thus in all cases, without a single 
exception, it was found that formamide and propionamide permeated 
distinctly more rapidly than acetamide. The difference between the two 
first-named amides was, on the other hand, only slight. In many cases it 
seemed that formamide would permeate somewhat more slowly than 
propionamide. In other cases there was no clear difference between them. 
Only exceptionally some cells seemed to be a little more permeable to form- 
amide than to propionamide. 

Figs. 2 and 3 give concrete examples of the volume changes observed. 

The rather scanty and inexact data now available about the partition of 
fatty acid amides between organic solvents and water are compiled in 
Table 1. They suggest that the partition coefficient lipoid/water of acetamide 
probably is about twice as great as that of formamide and that the lipoid 
solubility of propionamide is probably about 3—5 times greater than that 
of acetamide. On the other hand, the square roots of the molecular weights 
of these amides differ only little from each other. (They are about as 
1: 1.15 : 1.27.) There can thus be no doubt that the expression PM?/k (where 
k denotes the lipoid/water partition coefficient) has a distinctly higher value 
in the case of formamide than in the case of the other members of the same 
homologous series. 


THE PERMEABILITY OF PLANT PROTOPLASTS TO SMALL MOLECULES 307 


Table 1. The partition of formamide, acetamide, and propionamide between some organic 

solvents and water. After Barlund (1929), Collander and Barlund (1933), and determinations 
not yet published. 

ee DE 


i-Butanol Ether Olive oil Olive oil+ Oleic acid 
Water Water Water Water 
ed Ne ee ml AU 5 Un PT Gs eS mes 2 
Formamide ......... 0.22 0.0014 0.00076 0.0049 
Acetamide ............. 0.33 0.0025 0.00083 0.0095 
Propionamide ...... 0.69 0.013 0.0036 0.037 


Table 2. The partition of ammonia and some alkylamines between organic solvents and 
water. After Collander (1949) and determinations not yet published. 
An ee rt. entire 1 


| Ammonia | Methylamine | Trimethylamine 
i-Butanol/Water............... 0.23 0.62 3.1 
Ether/Waters.....-.... 00 0.0070 0.023 0.46 | 


2. Ammonia and the Alkyl Amines 


In the series ammonia — methylamine — trimethylamine the lipoid solu- 
bility increases rapidly with increasing number of the methyl groups 
(Table 2). Nevertheless Poijarvi (1928), in studying the permeation of dif- 
ferent bases in epidermal cells of Rhoeo and in some other types of plant 
cells, found that ammonia penetrates these protoplasts more rapidly than 
methylamine while the permeation power of trimethylamine seemed to be 
only about as great as that of ammonia. This indicates, according to Poi- 
jarvi, a kind of ultra-filter effect exerted by the plasma membranes. 

Later on Äyräpää in hitherto unpublished work on yeast cells (cf. Col- 
lander and Äyräpää 1947) reached virtually the same conclusion. 


It should, however, be pointed out that neither of these results are, perhaps, 
quite conclusive inasfar as bases of different strength are compared with each 
other. That is due to the fact that at least in the experiments of Poijarvi, but 
possibly also in those of Äyräpää, the bases had to penetrate not only the outer 
plasma membrane (the plasmalemma) but also the inner one (the tonoplast). Now, 
although it is of course easy to choose the pH values of the solutions used in such 
a way that the concentration of the free base is the same in all the solutions, the 
pH value of the protoplasm cannot be regulated at will, and therefore the stronger 
bases will probably occur here to a smaller extent as undissociated base molecules 
than the weaker bases. If this is so, the penetration of the stronger bases through 
the tonoplast will be more hampered than that of the weaker ones. It seems, there- 
fore, not quite sure that the ammonia molecules actually penetrate the plasma 
membranes more easily than the (undissociated) molecules of methylamine. On the 
other hand, methylamine being a somewhat stronger base than trimethylamine, 
it seems fairly certain that the molecules of methylamine really penetrate the plasma 
membranes at least with equat rapidity to those of trimethylamine. 
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Table 3. The partition of water, methanol, and ethanol between some organic solvents 
and water. After Wartiovaara (1944, 1949) and Collander (1949). 


| Water | Methanol | Ethanol 
Ether/Water 2... | 0.018 0.14 | 0.26 
Olive oil/Water ............... | 0.0009 0.0063 0.032 


3. Water, Methanol, and Ethanol 


Already at the very starting of the lipoid theory of cell permeability Over- 
ton (1899) stressed the almost unexpectedly high permeation power of water 
which seems to indicate that the plasma membrane is no homogenous lipoid 
layer but is only »impregnated with lipoids», as he put it. 

It took, however, about three decades before it proved possible to com- 
pare, in a semi-quantitative way, the excessively great penetration power of 
water with that of other substances, e.g., with that of the likewise very 
rapidly permeating monohydric alcohols. Thus, Zehetner (1934) showed 
that some sorts of plant protoplasts ace distinctly more permeable to water 
than to methyl or ethyl alcohol while other protoplasts behave in just the 
opposite way. The lipoid solubility of water being much smaller than that 
of the alcohols (Table 3) it is clear that at least in the case of the first- 
named type of protoplasts water permeates enormously more rapidly than 
it would do if there were no kind of sieve-effect of the plasma membrane. 
(The square roots of the molecular weights of water and methanol are 
as 1 : 1.33.) 

More accurate results have been achieved with Characean cells. From 
Fig. 1 it is seen that water especially, but also methanol, permeates much 
more rapidly through the protoplasts of Chara than would be expected if 
the permeation constants were proportional to k/M?. Wartiovaara (1944, 
1949), using a more elaborate technique and thinner cells, reached more 
exact results. He showed that at 20° C the permeation power of methanol 
is about 10 times greater than that of medium sized molecules of similar 
lipoid solubility while the permeation power of water is at least as much 
as 100 times greater than that of most other substances of equal lipoid 
solubility. 


Collander and Bärlund (1933) found that the cells of Chara, which originally 
are more permeable to water than to alcohol, may undergo quite a sudden change 
in permeability, becoming more permeable to alcohol than to water. (A change in 
the opposite direction was never observed.) This seems to indicate that two different 
structures of the plasma membrane are possible: a more labile one which is charac- 


terized by a higher permeability to water, and a more stable one characterized by 
a higher permeability to alcohol. 
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4. Urea 


The molecular weights of formamide, ammonia, methylamine, water, and 
methanol all lie between 18 and 45. We now come to urea with a molecular 
weight of 60. It is probably no mere chance that this compound differs from 
the just named ones in that it behaves quite »normally» to most plant 
protoplasts and only in some cases shows a clear acceleration of permeation 
as compared with somewhat greater molecules of similar lipoid solubility. 
We need not, however, enter into further details as to the permeability of 
plant protoplasts to urea, since this question has recently been treated by 
Collander and Wikström (1949). 


5. Other Substances 


Are there any other small molecules whose behaviour is able either 
to corroborate or to correct the conclusions arrived at in the preceeding 
paragraphs? 

Ethylene glycol (M—62) seems to permeate the Chara cells somewhat 
more rapidly than would be expected if the permeation constants were 
proportional to k/M? (Fig. 1). The acceleration of ethylene glycol is, how. 
ever, in this as well as in other cases studied not very conspicuous (Hof 
meister 1935, Marklund 1936, Elo 1937). 

Bouillenne (1930, 1940) states that plant protoplasts are penetrated mor 
slowly by formic acid (M=46) than by acetic acid (M=60). However, thi: 
does not necessarily mean that the permeation power of the undissociate« 
formic acid molecules is smaller than that of the acetic acid molecules, fo 
Bouilenne’s result may be due, perhaps, to the greater dissociation of th 
formic acid (cf. Stewart 1931, p. 174). In fact, according to Bouilenne’ 
Table I (1940) ammonium formate at pH 6.6 permeates the protoplasts o 
Allium somewhat more rapidly than ammonium acetate. Thus, in this cas 
also, the general rule that the permeation power increase with increasin 
length of the carbon chain seems to be, at least occasionally, broken. 

Oxygen, hydrogen peroxide, hydrogen sulphide, and carbon dioxide a1 
all known to penetrate the plasma membranes with extreme rapidity. Thes 
substances are, however, in spite of the smallness of their molecules, nc 
very suited to demonstrate the influence of molecular size on permeatio 
power, as they are all very soluble in lipoids also. 

At any rate it can be stated that it has never been shown that there exis 
any substance with a molecular weight below about 50 which is not cor 
siderably accelerated in its permeation through plant protoplasts as con 
pared with compounds of similar lipoid solubility but somewhat great 


molecular size. 


310 RUNAR COLLANDER 


III. Conclusions 


From the preceeding chapters it is seen that the permeation of the very 
smallest molecules is distinctly more accelerated than if the permeation 
cohstants were proportional to k/M?. This applies to rapidly permeating 
substances (water, methanol, ammonia, methylamine), to moderately fast 
permeating substances (formamide), and even to relatively slowly permeat- 
ing substances (urea, in some cases). 


Characteristically enough, this acceleration of the permeation manifests 
itself only, or at least most clearly, in the very first or in the two first 
members of each homologous series, i.e., in compounds whose molecular 
weights are below about 50 or 60. Proceeding further in each homologous 
series we find that the permeation power now increases regularly with in- 
creasing length of the carbon chain. 


We may thus say that the sieve-effect exerted by the plasma membranes 
studied is of a rather peculiar kind restricted as it is, at least as far as 
hitherto known, to molecules of a rather limited magnitude. 


According to the criteria put forth by Danielli we have to regard the 
plasma membranes in question as not quite homogenous. It would, how- 
ever, probably be unwise to stress the antithesis homogenous — non- 
homogenous too much in this case, for it may well be that there are films, 
composed of orientated molecules, which from one point of view may be 
called homogenous, from another point of view, however, non-homogenous. 


The statement that the plasma membranes exert a kind of sieve-effect 
does not imply that they must be supplied with water-filled pores. The argu- 
ments raised especially by Wartiovaara (1942, p. 98, 1949) against the 
assumption of such pores seem, in fact, rather convincing, especially as 
there are, as shown by him, several other ways of explaining the sieve- 
effect observed. 


Summary 


The very smallest molecules (e.g., those of formamide, ammonia, methyl- 
amine, water, and methanol) penetrate plant protoplasts with distinctly 
greater rapidity than would be expected if the permeation constants were 


proportional to k/M? where k denotes the oil/water partition coefficient and 
M the molecular weight. 


The plasma membranes thus exert a kind of sieve-effect which manifests 
itself in the accelerated permeation of the very smallest molecules. 
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Introduction 


Certain investigations (Pohjakallio 1948) made at the Institute of Plant 
Pathology of Helsinki University revealed that Sclerotinia trifoliorum did 
not grow on frozen red clover. In further investigations this result was at 
first confirmed but later, in three consecutive series of experiments, S. tri- 
foliorum was made to grow on red clover that had been frozen, and the 
growth even proved exceptionally vigorous. Thus it was justifiable to assume 
that in the earlier tests certain microorganisms, for which frozen clover 
provides a particularly suitable substratum, had prevented the growth of 
S. trifoliorum. In order to clarify this matter, investigations were carried 
out with certain bacterial strains. 


Material 


The investigations were carried out with five bacterial strains, denoted 
in the following by the letters A, B, C, D and E. 

Bacterial strain A was isolated on October 15, 1948, from a frozen 
leaflet of red clover. The clover had grown in the open, froze on a frosty 
night and, on thawing, some of the leaflets lost their turgor and died. When 
the clover was subsequently infected with S. trifoliorum mycelium, the 
fungus rapidly destroyed the unfrozen parts of the clover, but failed to grow 
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on frozen leaflets. A mucous bacterial mass did appear on these leaflets. It 
was inoculated into a clover extract agar medium in a Petri dish, and from 
there the dominant bacterial strain was isolated as a pure culture by the 
streak-plate method. 


Bacterial strains B and C were isolated from clover extract agar 
on January 11, 1949, in a Petri dish that had stood in the open, uncovered, 
at a temperature of +3° C. 


Bacterial strain D was obtained on December 1, 1948, from the 
Microbiological Institute of Helsinki University (labelled Alj 1!), who received 
it in January 1945 from the Microbiological Section of the Swedish Agri- 
cultural Experimental Institute at Uppsala, labelled Bacillus subtilis Cohn 
(Marburg). 


Bacterial strain E was obtained on December 1, 1948, from the 
Microbiological Institute of Helsinki University (labelled Alj 111), where it 
had arrived in February 1945 from the Serobacteriological Institute of Hel- 
sinki University, labelled Bacillus subtilis (Serob. -28, Aminoff -38). 


For bacterial strains D and E and for the information on their origin, 
we are indebted to the Chief of the Microbiological Institute of Helsinki 
University, Professor Unto Vartiovaara. 


Methods 


In order to study their antibiotic effect, the bacteria were inoculated into 
Petri dishes on Henneberg-agar (cf. Rudorf 1937), clover extract, and broth 
agar media; certain investigations were also carried out on cabbage extract 
and timothy extract agar, and on an agar medium made with an extract of 
clover grown in darkness and therefore devoid of chlorophyll. Into the same 
Petri dishes Sclerotinia trifoliorum mycelium was also inoculated. These 
combined cultures were grown, not only at ordinary room temperature 
(approx. +20° C), but also in rooms whose temperature during the test 
period was (a) 10°C and (b) —1 to +4° C, and in thermostats at tempera- 
tures of +42 to +45° C, +35° C and +1 to —6° C. 

Detailed determination of species was not made for bacterial strains 
derived from Bacillus subtilis cultures (D and E). However, it was found 
that as reqards their form, size, mobility, ability to form spores, and Gram 
staining, they were similar to Bacillus subtilis Cohn. Bacterial strains B and 
C were merely shown to be rod-shaped bacteria, whereas comprehensive 
investigations, to be described in greater detail in connection with the results, 


were made on bacterial strain A. 
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Fig. 1. Antibiotic effect of Bacterial Strain E on S. trifoliorum on clover extract agar, at 
a temperature of + 20°C. 


Results 
a. Effect of the different bacterial strains on Sclerotinia trifoliorum 


It was found in experiments made at room temperature (approx. +20° €) 
on red clover extract and broth agar media that bacterial strains A, B and E 
had an antibiotic effect on S. trifoliorum. The growth of its mycelium failed 
even some distance from the bacteria (Fig. 1), which would appear to in- 
dicate that the bacterial excretions diffusing in the nutrient medium pre- 
vented the growth of the fungus. In the opposite direction by contrast, the 
mycelium grew normally and formed sclerotia on the edge of the Petri dish. 
Microscopic inspection showed that the portions of mycelium closest to the 
bacteria had been injured and had grown into a closely packed layer 
(Fig. 2), whereas on the edge of a normal mycelium the ends of the hyphae 
had long branches and were fairly well spaced (Fig. 3). — Bacterial strains 
C and D, on the other hand, had no antibiotic effect on S. trifoliorum, the 
mycelium growing unrestricted in the direction of the bacterial colony, and 
even beyond it (Fig. 4). 


At lower temperatures too (—1 to +4° C and +10° C) the growth of bac- 
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Fig. 2. Antibiotic effect of 
Bacterial Strain A on S. tri- 
foliorum on clover extract 
agar, at a temperature of 
OG 


Fig. 3. Normal tips of S. tri- 
foliorum mycelium on clover 
extract agar, at a temperature 
Of 202. 


terial strain A and its antibiotic action on the clover rot fungus were very 
marked. On the other hand bacterial strain E, whose antibiotic effect at a 
temperature of +20°C was distinct, showed no perceptible growth at 
+10° C and lower temperatures, nor could its antibiotic effect on S. tri- 
foliorum be established (Figs. 5 and 6). Bacterial strain C grew well at low 
temperatures but still had no antibiotic effect on S. trifoliorum growing in 
the same test flask. 

Bacterial strain A grown on clover extract was also sprayed on red clover 
plants grown in pots, which were then covered with a glass bell. The bac- 
terium was not found to grow on a living red clover substratum, nor was 
it found to damage the red clover. The investigations into the effect of bac- 
terial treatment on the clover rot infection of red clover are still at a preli- 
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Fig. 4. S. trifoliorum mycelium has grown beyond 
Bacterial Strain C on clover extract agar, at a 
temperature of +20°C. 


minary stage, and no definite conclusions can be drawn from them as yet. 
However, the finding that bacteria exerting an antibiotic effect, even at a 
low temperature, on S. trifoliorum are present on dead leaves of clover seems 
to indicate that they may be factors restricting the damage due to clover rot. 
Frosts occurring before the snowfall freeze a considerable part of the clover 
leaves, and after they have succumbed to bacteria of antibiotic effect, the 
spreading of the S. trifoliorum mycelium from one clover plant to another 
may be considerably hampered. 


b. Effect of the quality of growth substratum on the antibiotic qualities of 
bacterial strain A 


The antibiotic qualities of bacterial strain A were studied using various 
growth media (Table 1). Its antibiotic effect on S. trifoliorum was most 
intense on broth or clover extract agar. On timothy extract agar, too, the 
antibiotic effect was quite distinct, whereas on cabbage extract and Henne- 
berg agar media no antibiotic effect whatever could be observed. Bacterial 
strain A grew well on these substrata too, but the S. trifoliorum inoculated 
into the same test flask grew beyond the bacterial colony. 


Table 1. Effect of the quality of substratum on the antibiotic qualities of bacterial strain A. 


Effect on the S. trifoliorum fungus 
growing together on the substratum 
(+= antibiotic effect 

0 — no antibiotic effect) 


Substratum 


Henneberg agar 
Brothuagarı tt 
Clover extract agar ...... 
Timothy extract agar 
Cabbage extract agar 


et++e 
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Fig. 5. From left to right: Bacterial 
strains A, C and D with mycelia of S. 
trifoliorum on clover extract agar, 


grown for 6 days at a temperature of 
E102G: 


Fig. 6. From left to right: Bacterial 
strains A, C and E with mycelia of 
S. trifoliorum on clover extract agar, 
grown for 6 days at temperatures of 
from —1° to +4°C. 


Even when chlorophyll-free red clover was employed for the clover extract 
medium, bacterial strain A had a perceptible antibiotic effect on S. trifolio- 
rum. This being the case, the bacteriological investigations reported above 
do not afford adequate explanation as to why, in several earlier experiments 
(Pohjakallio 1948), S. trifoliorum grew on chlorophyll-free clover killed by 
freezing while attempts to grow it on green frozen clover failed. 

On a Henneberg agar substratum bacterial strain A had no antibiotic effect 
on S. trifoliorum, even when the glucose in the nutrient medium was replaced 
by dextrin; the result remained the same when tribasic ammonium phos- 
phate was used in the Henneberg agar instead of acid phosphate and in 
addition 1 °/o N sodium hydroxide was added to the medium, changing the 
reaction of the growth substratum to a distinctly alkaline one. 


c. The colouring of the growth medium: through the action of bacterial 
strain A 


Bacterial strain A produced an intense darkening of certain growth media 
(Fig. 7); the colour of the other growth media, on the other hand, was not 
percreptibly affected by it (Table 2). 

Broth and green clover extract media were particularly deeply coloured. 
The agar medium of chlorophyll-free clover extract was only slightly, hardly 
perceptibly, coloured. Henneberg, timothy extract and cabbage extract agar 
media were not affected at all. The fact that bacterial strain A, on a timothy 
extract agar medium too, had a distinct antibiotic effect on S. trifoliorum 
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Fig. 7. Left: S. trifoliorum alone. Right: together with bacterial strain A. Through 
bacterial action the clover extract substratum has been deeply coloured. 


Table 2. Effect of bacterial strain A on the colour of different media. 


| 

5 Colour (+==brown, | 

| . = unaffected), 

Hennebers agar cs ee 0 | 
Brothläagar u oan sete. N rec Se 
Clover extract agar (green clover) ............ 35 

» » » (chlorophyll-free clover) 0 (+) | 

Timothy ‘extract agar ve eee rte 0 | 

Gabbagerextraetragarı ae 0 


(Table 1) indicates that the strain’s antibiotic effect, on the one hand, and 
its action in colouring the substratum, on the other, are not analogous phe- 
nomena. In spite of this, the antibiotic and colouring effects of bacterial 
strain A very often appear concurrently. Thus the antibiotic effect extended 
from the bacterial colony as far as the colouring of the substratum was 
apparent. However, in the immediate neighbourhood of the mycelium of 
S. trifoliorum, the change in colour of the growth medium was eliminated, 
but the same phenomenon was visible in the immediate neighbourhood of 
the bacterial colony as well (Fig. 7). The elimination of the colour change 
in the substratum was probably due to acids excreted by the fungus and 
the bacterium. By placing acid-impregnated blotting paper in the coloured 
zone of the substratum, it was in fact found that all the acids investigated 
(oxalic, lactic, and hydrochloric), even when present in weak solutions, 
eliminated the colour. 


d. The antibiotic effect of bacterial strain A on mould fungi 


In a pot experiment series, in which the clover was killed by freezing, four 
pots were sprayed with the clover extract suspension of bacterial strain A, 
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while four pots were left unsprayed. Subsequently all the test pots were 
covered with glass bells. After a few days abundance of mould appeared 
on the untreated test plants, primarily of an Aspergillus species — not 
determined in detail, and other moulds as well. On the remains of clover 
treated with bacterial strain A mould appeared much later. Applying the 
grading 1—3 to indicate the abundance of the mould growth (3=clover 
completely covered by mould), the following results were obtained five days 
after freezing: 


Treated with bacteria Not treated with bacteria 
Pot No. Mouldiness Pot No. Mouldiness 
1 0 5 3 
2 0-+ 6 3 
3 1 7 3 
4 0% 8 3 


Bacterial strain A had a particularly strong antibiotic effect, too, on an 
Alternaria species which had happened to enter the Petri dish as an impurity 
on clover extract agar substratum. 


e. General qualities of bacterial strain A 


The cells of bacterial strain A are single, Gram-negative, roughly 0.5 u 
thick and 2 y long, straight, unbranched, stalkless rods which do not 
form endospores. The rods are mobile; staining for flagella (cf. Frei-Sulzer 
1946) indicated the presence of a single long flagellum at one end of the 
cell. The bacterial cells are colourless. Negative staining with Congo red 
showed that they have no capsules. 

The bacterial cells are aerobic or slightly facultatively anaerobic. On the 
surface of ordinary nutrient substrata they form colonies and liquefy gela- 
tine, at the same time causing a strong putrid odour. The odour was imper- 
ceptible in both clover extract agar and broth cultures. On the latter a 
diffused dark zone was formed around the bacteria (Fig. 7); the dark 
colour was eliminated by the action of various acids. This change in colour, 
however, failed to oceur on cabbage extract, timothy extract and Henne 
berg agar. 

In studying the clover extract culture it was found that the bacterium 
excreted into the substratum some substance which, in the radiation of an 
ultraviolet lamp, filtrated until invisible, fluoresced with a greenish light. 

In streak-plate cultures on broth agar medium the colony, after four days 
(+20° C), was circular, light greyish, non-transparent, with a glossy sur- 
face. The diameter of the colony was approx. 3 mm, height approx. 0.5 mm. 


22 
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Magnified ten times (cf. Salle 1948) the elevation of the colony was visible; 
umbonate (a slight protuberance in the middle); edge: undulate or crenate; 
internal structure: smooth. In agar streak culture, at the age of 4 days: 
echinulate. In agar stab culture, at the age of 7 days: echinulate. In gelatine 
stab culture, at the age of 7 days: stratiform. 

Bacterial strain A proved heterotrophic. It did not grow on an inorganic 
growth substratum containing 0.12 % NH,Cl, 0.05 %/o CaCl, and 0.02 °/o 
MgSO,, whereas it grew if 1 °/o glucose was added to this substratum. In 
the same experiment NH,CI proved a nitrogen nutrient suitable for the bac- 
terium, but if 0.5 ®/o KNO, was employed instead of NH,Cl, no growth could 
be observed. Clover extract, with 0.1 °/o KNO, added, was also used to 
investigate denitrification; no nitrites were formed in the bacterial culture — 
ascertained by means of sulphanilic acid and «-naphthylamine solution, con- 
taining acetic acid. By means of Nessler’s solution it was discovered that 
no ammonium ion was formed either. But three weeks after the beginning 
of the experiment, the presence of nitrate in the nutrient solution was still 
distinctly ascertainable by means of a solution of diphenyl-benzidine in 
sulphuric acid. Use of the last-mentioned reagent indicated that in clover 
extract culture the bacterium did not form any nitrate from the nitrite added 
to it; nor did it form nitrite from ammonium salts. 

No acid formation or coagulation took place in bromo-cresol purple milk, 
but the bacterium peptonized the milk, making it bluer. 

The indole test gave a negative result. 

The fermentation of carbohydrates was studied in a solution of broth, 
to which 1 °/o of various different carbohydrates was added. Phenol red, 
with a colour scale ranging from pH 6.8 (yellow) to 8.4 (red) was employed 
as an indicator; at the beginning of the experiment the nutrient solution 
was red in colour. The result of the experiment was judged with the gradings 
0—3, in which 3 and 3— signify that the solution assumed a yellow colour, 
either rapidly (3) or relatively slowly (3—), during the test (9 days, +20° C). 
Solutions which in the course of the experiment assumed an orange colour 
only, were graded 2, orange-red 1, while 0 denoted no change in the ori- 
ginal colour of the solution while the experiment was in progress. 

No carbohydrate caused gas formation, but the nutrient solution became 
more acid if it contained glucose (3), arabinose (3—), galactose (3—), 


xylose (3—), fructose (2), glycerol (2) or mannitol (1). In contrast, the 


bacterium did not utilise any lactose, maltose, saccharose, dextrine, cellulose, 
starch, dulcitol or sorbitol at all; the colour underwent no change (0). 
Bacterial strain A did not grow in nutrient solution containing NH,CI, 
KH,PO,, CaCl, and MgSO, : 7H,0 with phenol red as an indicator, nor did 
it cause any acid formation when ethyl alcohol was added instead of glucose. 
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Bacterial growth in the different hydrogen ion concentrations was studied 
on nutrient broth substrata, the pH of which was regulated at different 
levels by means of Sorensen’s phosphate buffers; in order to obtain low 
pH conditions, 0.1 N hydrochloric acid was added to the medium, and for 
high pH’s, 0.1 N sodium hydroxide. It was found that bacterial strain A 
grew best at a reaction of pH 4.54—7.56. When the reaction was pH 7.99, 
the growth of the bacterium was somewhat retarded; at pH 10.50, the growth 
was very weak, and at pH 3.86, not even slight growth was discernible. 

The rapidity of growth was not markedly influenced by temperatures 
between +20 and +35° C. When the temperature was +10° C, the growth 
of the bacterium was somewhat slower, but at temperatures of +2 to +4° C 
continued growth of the colony was distinctly discernible. With the tem- 
perature varying from +1 to —6° C, most of the time below 0° C, however, 
no colony formation could be observed in the space of a fortnight. Nor did 
the bacterium grow at temperatures of +42 to +45° C. 

The growth of bacterial strain A on frost-killed red clover leaflets was 
very vigorous, whereas it was not found to parasitize living red clover. When 
a clover extract culture of the bacterium, diluted with water, was sprayed on 
red clover, it caused no morbid or other changes in the clover. The effect 
of the bacterium on other higher plants or animals was not investigated. 

On clover extract, timothy extract, nutrient broth agar substrata, and on 
frost-killed clover leaflets, bacterial strain A had a strong antibiotic effect 
on Sclerotinia trifoliorum; on these substrata it was found to prevent the 
growth of various moulds, e.g. of certain Aspergillus and Alternaria species. 
But on Henneberg and cabbage extract agar substrata, on which both bac- 
terial strain A and S. trifoliorum grew well, the bacterium had no anti- 
biotic effect. 

According to »Bergey’s Manual of Determinative Bacteriology» (Breed, 
Murray and Hitchens 1948) bacterial strain A can be referred to the genus 
Pseudomonas Migula, but its properties are not completely identical with 
those of any species described in this book. 


Summary 


The most important results of the investigations described above were: 

1. Of the five strains of rod bacteria studied (A, B, C, D and E), three 
(A, B and E) were found to have an antibiotic effect on the clover rot fungus 
(Sclerotinia trifoliorum Erikss.). 

2. The antibiotic effect of bacterial strain A was observed, not only at 
room temperature (approx. +20° C), but also at low temperatures (+2 to 
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+4°C); bacterial strain E, however, showed no perceptible growth at 
+10°C or lower temperatures, nor was its antibiotic effect observed in 
these conditions. 

3. The antibiotic effect of bacterial strain A was observed on frozen 
clover leaflets and on broth, clover extract and timothy extract agar sub- 
strata, whereas its antibiotic effect was not perceptible on Henneberg and 
cabbage extract agar substrata, on which both the bacterium and S. trifolio- 
rum grew well. 

4. Bacterial strain A caused the colouring of certain growth substrata 
over the area to which the antibiotic effect extended; however, the anti- 
biotic and the colouring effect of the bacterium did not prove to be ana- 
logous phenomena. 

5. Bacterial strain A had an antibiotic effect on various moulds as well, 
e.g. certain Aspergillus and Alternaria species. 

6. Investigations to determine the species indicate that bacterial strain A 
belongs to the genus Pseudomonas Migula, but its properties are not com- 
pletely identical with those of any of the species described in »Bergey’s 
Manual of Determinative Bacteriology». 
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Has Temperature any Influence on Pollen Size? 
By 
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Examining the pollen size of various Cruciferae the present author found 
that in some species there was a variation which seemed to be correlated 
with the temperature change in the period during which the material was 
sampled (1). There were, however, so many elements of uncertainty in this 
investigation that nothing could be done to clarify the question. In 1948 and 
1949 therefore a number of experiments were made with Pelargonium 
zonale. The specimen from which the experimental plants were grown was 
fructificating and produced exellent pollen. 

The influence of temperature on pollen size was studied by placing various 
individuals of this clon in constant temperature after removing all flower 
buds. Constant temperature was procured by placing the plant inside a glass 
jar in a water-bath. Measurements showed that the light intensity was very 
nearly uniform and adequate in the different plant chambers. Atmospheric 
air was conducted in to the plants in order to provide them with CO,. (It 
must be noted, however, that in 1948 the CO, supply may have been insuf- 
ficient, but this was not the case in 1949.) The air was adjusted to the proper 
temperature by conducting it through a copper coil submerged in the 
water-bath. By this means it proved to be possible to keep the air tempera- 
ture inside the plant chambers constant with a maximum deviation of +1°. 

In 1948, individuals were cultivated at 13°, 23°, and 29° respectively. The 
plants flowered in about eight weeks, though they had developed but poorly, 
and the size of the pollen was measured. For the plant grown at 13° the 
average pollen size was 62 I, x, for the one at 23° 61 y, and for that at 
29° 59 1, u. This seemed to verify the observation that pollen size decreased 
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with rising temperature, though only about 5 per cent with a total tempera- 
ture increase of 16°. Owing to the poor state of the plants, however, the 
result could not be taken as completely reliable, as earlier investigations (1) 
seemed to show that insufficiently nourished plants had smaller pollen than 
well nourished plants. 

A new experiment series was started as a control on May 16th, 1949. At 
first the plants thrived well at all temperatures, (15°, 22° and 29°), but 
before reaching the flowering stage the plants at 15° and 29° had fallen 
off badly, whereas the one at 22° was in relatively good condition. On July 
6th flowers were taken from the plant at 22°, whereas adequate flowers did 
not appear on the others until ten days later, by which time there were no 
flowers on the plant at 22°. The flowers were dried and pollen slides were 
made in August. The pollen grains were boiled for 20 minutes in 10 °/o KOH 
(the concentration was maintained fairly constant by adding water). After 
centrifuging the pollen grains were suspended in glycerine and measured 
under the microscope (with a magnification that gave a value of 1.36 u for 
the lines of the scale on the ocularmicrometer). The average size for the 
plant at 15° was 65+1.4 u, and for 20° it was 6141 u, so that, in con- 
formity with the 1948 results, there was a decrease of 6 '/, per cent in the 
pollen size with a temperature increase of 14°. However, the measurement 
of the pollen from the plant at 22°, which grew best, gave an average of 
72+1.6 u, which shows that nutrition has such an important bearing on 
the size of the pollen that it is impossible to draw any conclusions about 
the influence of temperature on pollen size. 

The results which seem to indicate a relation between pollen size and 
temperature cannot be taken as evidence, as they may just as well be due 
to slight differences in the state of nutrition. This being so, the experiment 
must be classified as negative as regards the original problem, a problem 
which cannot be solved under the experimental conditions used here. (Experi- 
ments were also instituted with Fuchsia maghellanica, but afterwards dis- 
continued, there being too much difference in the growth of the plants at 
the different temperatures.) It is very questionable whether the problem 
can be solved at all, because we must undoubtedly take into account the 


fact that a change of temperature will always have an effect on the growth 
of the plants. 


The author wishes to express his appreciation to the Carlsberg Foundation for 
the grant received for this work. 
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Carbonic Anhydrase in Submersed Autotrophic Plants 
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Since Meldrum and Roughton (1932) from red blood corpuscles separated 
an enzyme, carbonic anhydrase, which accelerates the hydration and de- 
hydration of CO, (i.e., the reactions CO,+H,O = H,CO;), several workers 
have tried to demonstrate the existence of this enzyme in green plants. 
Roughton (1934) did not find any carbonic anhydrase here, neither did 
Burr (1936). Neish (1939), on the other hand, gave evidence for the existence 
of the enzyme in various leaves, but did not publish any details. Mommaerts 
(1940), who did not succeed in finding any activity in extracts from green 
plant material, doubted the findings of Neish. 

In recent years absolute evidence for the existence of carbonic anhydrase 
in the leaves of various species of terrestrial plants has been reported. Day 
and Franklin (1946) found the enzyme in the green leaves of the elder, 
Sambucus canadensis, but not in the leaves of some 15 other species. To 
explain this they mention two possibilities: either that the enzyme, though 
present, is difficult to demonstrate in most species or »that the enzyme is 
actually not a functional part of the leaf but is associated with some patho- 
logical condition from which the elder is especially liable to suffer». 

Bradfield (1947) found a widespread occurrence of carbonic anhydrase 
in the leaves of flowering plants. Furthermore he showed that in several 
cases where the enzyme could not be demonstrated in ordinary aqueous 
extracts of leaves, it could easily be detected when the leaves were ground 
and extracted with dilute (0.01 M) solutions of cysteine. 

The reason why so many workers have tried to demonstrate carbonic 
anhydrase in green plants is the possibility of this enzyme taking part in 
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photosynthesis. Although it has not been possible to demonstrate this it is 
worth noting that Bradfield found a distinct activity only in extracts from 
leaves but not from roots (with the only exception of a slight activity in an 
extract of nodules of French beans). 

It is not known how carbon enters photosynthesis, if as CO, or in the 
hydrated form as H,CO, or HCO,-. In terrestrial plants CO, is taken up 
from the atmosphere. If CO, enters photosynthesis in the hydrated form, 
the presence of the enzyme carbonic anhydrase would be needed because 
the speed of the hydration under normal conditions is much too small. 
According to Burr (1936), photosynthesis proceeds several hundreds times 
as fast as hydration under comparable conditions. 

All submersed autotrophic plants examined can take up CO, in free 
solution from the surrounding water and use it for photosynthesis. Some, 
but not all species can further take up HCO,— ions and use them in the 
same way [Arens (1936), Steemann Nielsen (1947), Ruttner (1947) ]. 

The fact that not all submersed plants are able to use HCO,— from the 
surrounding water for photosynthesis might suggest that free CO, and not 
HCO,— is used directly in the photosynthetic mechanism. The permeability 
of the cells for CO, and HCO,~ ions, however, is also of decisive importance. 
The reason why the leaves of some submersed plants do not use HCO,~ at 
all may be the impenetrability of the cells to this ion. In this connection it 
should be mentioned that photosynthesis in the species which can use HCO,— 
is better at a certain limiting concentration of CO, than at the same con- 
centration of HCO,— (Steemann Nielsen 1947 — about Scenedesmus, see 
p. 329). Thus the facts just mentioned do not tell us anything about the 
question whether CO, enters the photosynthetical reactions as such or in 
the hydrated form. 

If only CO, is used directly in the photosynthetic mechanism the speed 
of the dehydration H,CO,-+CO,+H,.O without activation is too slow to 
explain the rate of photosynthesis with HCO, ions as carbon source. (See 
Steemann Nielsen 1947, p. 21.) 

The enzyme carbonic anhydrase activates both the hydration of CO, and 
the dehydration of H,CO;. If, therefore, the enzyme should be found only 
in the species of submersed plants which can utilize HCO,- ions in the 
surrounding water for photosynthesis, this would be an argument strongly 
in favour of the assumption that CO, enters the photosynthetical reactions 
as such and not in the hydrated form. According to this hypothesis the 
inability to use HCO;~ for photosynthesis should be the result of shortage 
of carbonic anhydrase. 

Bradfield’s method of using dilute solutions of cysteine for extraction of 
the enzyme was therefore employed for demonstrating carbonic anhydrase 
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in submersed plants. It should be mentioned that Steemann Nielsen (1947) 
previously without using cysteine has in vain searched for the enzyme in 
a series of submersed plants. At that time an active extract was only found 
in the brown alga Fucus serratus, but when repeating the experiment with 
this plant no activity was found. 

It has now been possible with the new method to demonstrate the enzyme 
both in Helodea canadensis, a species which can use HCO,— ions from the 
surrounding water for photosynthesis, and in Fontinalis dalecarlica, a spe- 
cies which like Fontinalis antipyretica can only utilize CO,. 

The inability to use HCO,- for photosynthesis, therefore, cannot be the 
result of a shortage of carbonic anhydrase. As this enzyme also is found in 
the leaves of terrestrial plants, and as apparently it is situated in or on the 
chloroplasts (see p. 330), there is some evidence for a hypothesis that CO, 
enters the photosynthetical reactions in the hydrated form. 


Experiments. Fontinalis dalicarlica was collected from Store Gribs@ on the 25th 
of September 1949. The next day a preparation was made from this material. 200 g 
shoots were ground with sand and 100 ml of a 0.01 M solution of cysteine. The 
resultant green suspension was filtered through linen. Cysteine was added, whereby 
the solution of cysteine got 0.01 M. 

200 ml of the extract was centrifuged. The sediment was suspended in 6 ml 
0.01 .M cysteine solution, making altogether about 10 ml. This suspension was 
tested by the method of Roughton (1934). The supernatant liquid and the uncentri- 
fuged extract were tested for activity in the same way. 

Some unimportant modifications in the method of Roughton were employed. 
Instead cf the boat-shaped trough a sort of Warburg-vessel (capacity 25 ml) with 
a side arm was used. When starting a motor the solution in the side arm was 
mixed with the solution in the main vessel and rapidly shaken. 

In the main vessel 0.5 ml phosphate solution (equal volumes of 0.2 M Na,HPO, 
and 0.2 M KH,PO,) was mixed with 0.2 ml of the preparation to be investigated 
for activity. In the side arm was placed 0.5 ml 0.2 M NaHCO, dissolved in 0.02 M 
NaOH. 

The method was to measure the catalytic effect upon the rate of evolution of 
CO, from the NaHCO, solution when mixed with phosphate buffer of pH 6.8. 
The Warburg-vessel was therefore connected by a length of rubber tubing with a 
manometer, open at the other end to the air. 

Fig. 1 gives a set of curves, showing the catalytic activity of the unboiled and 
boiled suspended sediment. Results of control experiments without addition of 
sediment are also shown. All points are determined as the averages of the results 
from at least three single experiments. Whilst the rate is the same when adding 
boiled suspended sediment (10 minutes on water-bath) as in the control experiments, 
a very distinct rise in the rate of CO, evolution is seen in the experiments with 
unboiled suspended sediment. 

Fig. 2 shows the rate of evolution of CO, when either 0.2 ml of the unboiled or 
0.2 ml of the boiled supernatant liquid was added. No activity was demonstrated. 
The same was the case when the uncentrifuged extract was added. Some activity 
was, of course, present in the uncentrifuged extract, but it should be kept in mind 
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Fig. 1. Rate of output of CO, at 22° C after mixing 0.5 ml bicarbonate solution and 0.5 ml 
phosphate buffer alone (control), or in presence of 0.2 ml unboiled, or boiled sediment 
(Fontinalis dalecarlica). 


that activity from 200 ml during centrifugation is concentrated in 10 ml. An 
activity of only 5 per cent. of that found in the experiments shown in Fig. 1 will 
not be distinct enough for the method used. When another material of Fontinalis 
dalecarlica was used in the beginning of July, activity, although not very distinct, 
was demonstrated already in the crude uncentrifuged extract. No activity was found 
in the supernatant fluid after centrifugation of this extract. 

Helodea canadensis from the Botanical Garden of Copenhagen was treated in 
the same way as Fontinalis and gave corresponding results. An uncentrifuged 
extract, however, showed a very distinct activity. The rate of CO, evolution at the 
start of an experiment was nearly doubled. The activity was quite indistinct when 
the supernatant fluid after centrifugation was used. The rate of the CO, evolution 
was now only increased by about 10 per cent. 


A very good proof of the hypothesis that CO, enters the photosynthetic 
reactions in the hydrated form would be the existence of an autotrophic 
plant which could only, or at any rate preferably, use HCO;~ ions for photo- 
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Fig. 2. Rate of output of CO2 at 22° C after mixing 0.5 ml bicarbonate solution and 0.5 ml 
Phosphate buffer in presence of 0.2 ml unboiled, or boiled supernatant liquid (Fontinalis 
dalecarlica). 


synthesis and at the same time did not contain any carbonic anhydrase. 
As the existence of such a species among the terrestrial plants, of course, 
must be considered impossible, it should be found among the water plants. 

Osterlind (1949). claims to have demonstrated the existence of a species 
which is able to use HCO,- ions much better than CO, for photosynthesis. 
It is the freshwater planktonic alga Scenedesmus quadricauda. According 
to Osterlind growth in this alga is better at a certain, limiting concentration 
of HCO,— than at the same concentration of CO. 

Unfortunately his results were obtained indirectly and may, after all, be 
interpreted better in quite another way. In fact some of his results are very 
difficult to understand if his interpretation should be right (see i.a. his 
figures 31 and 37). 

We have made some few experiments with Osterlind’s strain of Scene- 
desmus quadricauda in order to control his statement. These experiments 
showed that rather high concentrations of HCO;— are necessary to obtain 
maximal photosynthesis (about 5- 10-3 equiv. HCO;~/1). On the other hand 
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a rather intensive photosynthesis was effected at quite small concentrations 
of HCO,-. As the CO, reserves of the cells were not removed before the 
start of these experiments, photosynthesis may, however, easily have been 
based on these reserves. 

If a species of submersed plants should be proved to use HCO,7 much 
better than CO, for photosynthesis this species should at once be investigated 
for contents of carbonic anhydrase. 

According to Bradfield carbonic anhydrase is absent from the chloro- 
plasts. When centrifuging the crude suspension (after grinding and extract- 
ing the leaves) he found that the activity of the supernatant fluid was the 
same as that of the uncentrifuged extract. The sediment on the other hand 
was inactive. Day and Franklin, however, found all activity in the sediment 
when centrifuging a crude extract of elder leaves. 

According to Neish (1939) carbonic anhydrase is found in appreciable 
quantities both in the chloroplasts and in other parts of the cells. 

Our own experiments both with Fontinalis dalecarlica and Helodea cana- 
densis have shown that the activity after centrifugation is found in the 
sediment (see Figs. 1 and 2), thus confirming the results of Day and Frank- 
lin. As the chloroplasts make up a considerable part of the particles in a 
crude extract the fact that all activity is found in the sediment after centri- 
fugation is at any rate an indication of the enzyme being located in or on 
the chloroplasts. 


Summary 


Carbonic anhydrase is demonstrated in submersed autotrophic plants. It 
is found both in Helodea canadensis, a species which can use HCO,~ ions 
from the surrounding water for photosynthesis and in Fontinalis dalecarlica, 
a species which can use CO, only. The inability to use HCO,~, therefore, 
cannot be the result of a shortage of carbonic anhydrase. As this enzyme 
is also found in the leaves of terrestrial plants, and as apparently it is 
situated in or on the chloroplasts, there is some evidence for a hypothesis 
that CO, enters the photosynthetical reactions in the hydrated form. 


The senior author wishes to express his appreciation to the Carlsberg Founda- 
tion for a grant received for this work. 
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It has been shown in a previous communication (Burström, 5) that 
n-diamylacetic acid (diamyl-A.A.), which, according to Veldstra and Booij 
(9), supports the action of auxin in shoots, has quite other effects on the 
growth behaviour of roots. It can under no circumstances be regarded as 
an auxin synergist in this organ nor is it an ideal antagonist, although it 
is partly able to counteract added naphtyl-A.A. It has very striking effects 
on the growth behaviour, however, so that the conclusion must be drawn 
that even if it affects the cell elongation it does not interfere in the auxin 
mechanism. Root elongation does not depend upon the auxin activity only, 
but also on the nutrient supply, and the cell stretching is particularly sen- 
sitive to the nitrogen supply (Burström, 4). It has not been investigated 
whether this depends upon protein synthesis being indispensable for the 
elongation. 

Thus, in search of the point of action of diamyl-A.A. in the cell elongation, 
experiments have been carried out on the influence of the acid on the 
assimilation of nitrate by isolated wheat roots. 

The methods employed have been the same as in previous investigations 
in which the consumption of nitrate has been studied on excised roots (for 
references see Burström, 3). Each series of experiments consisted of four 
different treatments with five duplicates. Each culture flask contained 15 ml. 
of a nutrient solution of the basic composition: Ca(NOs3)> 1/400, KH,PO, 
1/200, MgSO, 1/800, FeCl, and MnSO, each 1/50000, and glucose 1/50 mol 
per litre. To each flask 10 mm. root tips from 20 wheat seedlings were 
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Table 1. The influence of n-diamylacetic acid on the assimilation of nitrate. „mol on 
100 plants and 48 hrs. 


a; 


Diamyl-A.A. Nitrate Glucose 
l = RE 
se absorbed | retained | assimilated absorbed | consumed 
| | 

0 56 22 | 34 151 | 138 
107 37 23 | 14 116 111 
10—6 27 25 | 2 110 106 
10-5 31 30 | 1 130 122 


transferred aseptically. The time of the experiment was always 48 hours; 
the figures in the tables denote ymol nitrate for 48 hours and 100 plants. 
For a preliminary report of some of the results the reader is referred to 
Burstrôm (6). 

An advantage with tests on excised roots is that they grow slowly, so 
that there is no rupturing of the epidermis even in 10—° mol diamyl-A.A., 
since this can appear only in rapidly growing roots. If any actions of 
diamyl-A.A. on the nitrogen metabolism were to be observed, they could 
not be caused by the rough histological disorganisation appearing as a 
consequence of a rapid growth in the presence of the acid. 


Results 


The addition of diamyl-A.A. causes a remarkable decrease in the rate of 
the nitrate assimilation by the roots as shown in table 1. In 10° and 10? 
mol there is no consumption of nitrate and even in 10-7 mol the assimila- 
tion does not amount to more than half the normal figure. Such a toxic 
effect as this must, of course, vary somewhat from one experiment to 
another. Six series of experiments with diamyl-A.A. 10-° mol gave an 
average assimilation of 3.91.4 ymol nitrate compared with 25.5+2.5 in 
the controls without the acid. There is also a significant increase in the 
amount of nitrate stored in the acid treated roots, namely 23.1+0.6 ymol 
as against 15.6+1.6 wmol in the control roots. Although the total amount 
of nitrate taken up by the former roots is lower than in the controls, owing 
to either a circulation through the tips or a stagnation of the accumulation, 
it is obvious that the assimilation and not the absorption or accumulation 
is primarily affected by the acid. 

It is particularly important to note that this inhibition of the nitrate 
assimilation takes place at much lower concentrations than those causing 
microscopically visible growth disturbances. Even in 10° mol there is at 
the most only a slight reduction in the elongation of intact roots, and 1077 
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Table 2. The action of n-diamylacetic acid with Mn and Fe 1/10.000 mol. 


Diamyl-A.A. Nitrate pmol 
— al:sorbed | retained | assimilated 
0 39 11 | 28 
10—5 45 14 31 


mol has no noticeable growth effect at all. In the present case with excised 
roots, there is no histological effect of the acid even in 10° mol concentra- 
tion. Thus the inhibition of the nitrate assimilation cannot be caused 
secondarily by some growth activity of the acid. 

It is also revealed from the determinations of the glucose consumption 
that there is a very pronounced decrease in either the respiration or the 
synthetic activity of the roots. For six series of experiments there was a 
reduction in the glucose consumption from 111 to 98 „mol. According to 
earlier investigations (Burstrôm, 2) on the assimilation of nitrate by the 
roots about 3.9 mol C are bound in assimilates with 1 mol of assimilated 
nitrate, a figure tallying with the average C : N ratio of proteins. The pre- 
sent experiments show an average reduction in the glucose consumption 
amounting to 111—98=13 „mol, when the assimilation of nitrate decreases 
from 25.5 to 3.9 „mol, or by 21.6 „mol. The ratio C : N is in this case 3.6, 
or not differing greatly from the earlier obtained figure of 3.9, but no very 
high degree of significance can be ascribed to the former figure. The com- 
putation indicates, however, that in all probability it is mainly the assimila- 
tion of nitrate that is inhibited by diamyl-A.A., and that other parts of the 
carbohydrate metabolism may be only slightly affected. 

It is known from previous investigations that the nitrate assimilation in 
the roots is very sensitive to manganese and iron; notably the former pro- 
motes the assimilation, and either of them is indispensable for the process. 
‘Consequently the diamyl-A.A.-poisoned roots were studied with regard to 
their reaction to the foregoing metals. Table 2 shows that in a complete 
nutrient solution with a fivefold increase in the concentration of Fe and Mn 
diamyl-A.A. has no effect whatsoever on the assimilation of nitrate. The 
slightly higher figure in 10-° mol solution of the acid probably lacks signi- 
ficance. 

The separate action of manganese and iron has been studied in some 
experiments, examples of which are given in tables 3 and 4. Diamyl-A.A. 
was given in the constant concentration of 10° mol. There is a considerable 
variation in the results, which always seems to be the case, as far as the 
poisoning effect of diamyl-A.A. is concerned, and the effect of the acid in 
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Table 3. The action of iron on the assimilation of nitrate in the presence of diamyl-A.A. 
10—6 mol. — Nitrate umol. Two experiments, A and B. 
eee 


Fe mol = = 
absorbed | retained | assimilated absorbed | retained assimilated 
0 29 | 23 6 | 30 | 22 8 
10—6 32 23 9 | 27 | 17 10 
10-5 43 | 28 15 29 17 12 
10-4 48 23 25 | 35 | 18 17 


Table 4. The action of manganese on the assimilation of nitrate in the presence of diamyl- 
A.A. 10-6 mol. — Nitrate „mol. Two experiments, A and B. 
m m ne in se a a ee Er ne 


A B 
Mn mol 
absorbed | retained | assimilated absorbed | retained | assimilated 
0 28 24 4 11 | 11 0 
10—6 39 22 17 37 22 15 
10—5 50 30 20 36 17] 19 
10—4 43 29 14 41 21 | 20 


this series of experiments is decidedly weaker than in the experiments 
quoted above. This is partly a consequence, however, of the balance between 
the concentrations of the metals in question. 

Both iron and manganese when given alone are able to restore the normal 
rate of assimilation of nitrate, and manganese more easily than iron. A 
cautious estimate has given the result that at concentrations lower than 
10—$ mol manganese is at least three times as active as iron; on the other 
hand, manganese is more toxic at higher concentrations resulting in a ten- 
dency towards an optimum in the manganese action around 10—° mol. Thus, 
with appropriate concentrations of the metals an actually greater assimila- 
tion may be obtained with iron than with manganese. 

Furthermore, the effect of the metals is not additive but they counteract 
each other to some extent, which may cause a higher rate of assimilation 
when they are added alone than if they are combined. The action of the 
metals is, as a matter of fact, generally the same as if no acid were present. 
There is, of course, only a quantitative difference in their effect, higher 
concentrations being required in the presence of diamyl-A.A. as shown by 
the data presented above. Extensive experiments have been carried out in 
order to verify the opinion advanced earlier (Burstrôm, 1) that wheat roots 
even under ordinary conditions, i.e, in a purified nutrient medium but 
without any additional organic acids, require manganese or iron for their 
assimilation of nitrate. 

It has thus been possible to prove the validity of this assumption under 
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Table 5. The influence of manganese, iron, and molybdenum on the nitrate assimilation 


from common nutrient solutions without diamyl-A.A. — Average from 6 series of experi- 
ments. 
ns 
Addition mol Nitrate mol Hexose Number of 
consumed | cells formed 
Fe Mn Mo absorbed | retained assimilated pmol per day 
rae Acs Ve es | EN fa Ui ae a nt NEE En 
| 
0 0 0 22 14 8 110 24 
2:10 0 0 26 15 11 92 28 
0 2:10—5 0 35 14 21 101 22 
0 0 3: 106 27 18 I 120 16 
2210 58221025 0 30 14 16 121 47 
2102122210 02032105 33 17 16 129 43 


fairly varying experimental conditions and with differing combinations of 
manganese and iron. It is scarcely necessary to record this material as it 
contains little besides the same results obtained in the earlier investigations 
quoted above; a summary only will be given in table 5 of six series of 
experiments, containing in all 15 duplicates of each treatment. The experi- 
mental conditions of these series are comparable to those of the experiments 
of tables 1—4. 

There is no doubt about the indispensability of manganese or iron for 
the nitrate assimilation. Whether both are necessary cannot be inferred 
from these short time tests; the increase in respiration and in the rate of 
cell divisions when both metals are present indicates, however, that both 
iron and manganese may be indispensable for the development of the excised 
roots. It must be pointed out in this connexion that the question of the 
requirement of isolated roots for micro-elements is still controversial (cf. 
Glasstone, 7). Nevertheless, manganese is the metal most active in promoting 
assimilation of nitrate by the roots. 

It has been rather firmly established in recent investigations that molybde- 
num plays an important röle in the assimilation of nitrate in different plant 
materials (Mulder, 8). This is a perhaps general action, although no really 
convincing evidence has been presented as to such a function in roots, and 
it seems rather probable that the assimilation of nitrate in roots and leaves 
does not follow the same pattern (Burström, 3). Molybdenum was thus 
included in this investigation and tested both alone and in different com- 
binations with iron and manganese and both metals. Table 5 shows that 
in normal excised roots molybdenum does not promote the assimilation of 
nitrate, which, of course, does not imply that it is dispensable because it 
is certainly present also in the purified nutrient solutions. The conclusion 
to be drawn is that it is not the only micro-nutrient element essential for 
the assimilation of nitrate. It was then hardly surprising to find that the 
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Table 6. The effect of molybdenum on the assimilation of nitrate in the presence of 
diamyl-A.A. 10-8 mol. — Nitrate pmol. Two experiments, A and B. 


Mo mol 2 > 
absorbed | retained | assimilated absorbed | retained | assimilated 
0 26 22 | 4 22 | 23 ~0 
3 1057 26 | 19 7 37 32 5 
3 10-6 23 18 5 22 22 0 
310-5 19 | 19 0 40 34 6 


inhibiting action of diamyl-A.A. could not be prevented by additions of 
molybdenum. Only two experiments were carried out on this problem; 
they are recorded in table 6 and show no significant assimilation of nitrate 
in any concentration of molybdenum when iron and manganese are absent. 


Discussion 


In order to explain the interaction of diamyl-A.A. and the metals it is 
near at hand to assume that the solubility of iron and manganese diamyl- 
acetate is so low that the metals simply precipitate and thus inactivate the 
acid. {t is obvious from tables 3 and 4 that the metals must be given in 
excess of the acid in order to counteract fully its action. Potentiometric 
titrations of solutions of the acid in alkali have given figures for the 
solubility of the undissociated acid between 3. 10—* and 4. 10-* mol. The 
same values were obtained in the presence of manganese 5 : 10—* mol. Exact 
figures for the solubility of the Fe and Mn salts have not yet been obtained, 
but the present data exclude the possibility of a precipitation in 10% to 10? 
mol solutions of acid and metals. A complex formation of this acid with 
the metals is not known to occur either. 

The interaction of Mn and Fe with diamyl-A.A. in the root elongation 
was studied in two experiment, which gave such a clear result that its pre- 
sentation is justified in spite of its preliminary nature. 

Wheat plants were grown in standard nutrient solutions of pH 5 at 20° C 
and under artificial light; the solutions were renewed daily with additions 
of diamyl-A.A. and varied concentrations of Fe and Mn. The result of one 
experiment is presented in table 7. 

This table shows that Fe and Mn in the concentration 10—* mol, which 
wholly restores the normal nitrate assimilation, do not counteract the growth- 
disturbing action of the acid; the rupturing is only weakened but not pre- 
vented and no root hairs are formed. The lower concentrations of the 
metals do not visibly diminish the abnormal growth, although in the experi- 
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Table 7. The interaction of Fe and Mn with diamyl-A.A. in root growth. 
Complete nutrient solution. 


Expt. no RE rg | Sees Se ae Appearance of the roots 
1 10-6 0 47 +2 normal 
2 10-5 0 4 +1 » 
3 10-4 0 44 + 2 » 
4 10-6 10-5 45 +1 rupturing of epidermis after 
5 10—5 10—5 44 +2 3 days, no root hairs 

=? > | weaker rupturing, no root 

6 10 10—5 50 +2 { ales 


ments with excised roots they considerably reduced the inhibiting action 
of the acid on the nitrate assimilation. It is, of course, premature to draw 
too far-reaching conclusions from two experiments but it is obvious that 
the acid is not simply inactivated by precipitation or complex formation 
with the metals. 

It is certain, however, that only a reduced or inhibited nitrate assimilation 
or ensuing protein synthesis cannot lead up to such an abnormal growth 
behaviour as the one observed with diamyl-A.A. Nevertheless, the reduction 
in the nitrate assimilation appears at a much lower concentration than the 
growth disturbances and under conditions not causing any visible histo- 
logical changes of the roots at all. Thus the inhibition of the nitrate assimila- 
tion cannot be caused by the growth disturbances either. The conclusion 
to be drawn from the results obtained is that inhibition of nitrate assimila- 
tion and growth effects are fairly independent of each other, although they 
may both be caused by some common primary action of the acid on the 
roots, the nature of which is still obscure. — It is, furthermore, hardly 
possible at present to connect these results with the explanations of the 
diamyl-A.A. effects presented by Veldstra and Booij (9) and founded on 
observations of quite another nature. 

The present results may also shed some light om the controversial question 
of the trace element action on the nitrate assimilation. The problem is 
whether the assimilation is catalyzed by manganese or by molybdenum, 
or if perhaps both elements are necessary. It is just as obvious that the 
roots require manganese as the fact that leaves and other organs need 
molybdenum. On the other hand, there is nothing to indicate that the roots 
do not require molybdenum, and Mulder’s (8) experiments with molybdenum 
were performed throughout with manganese present. At present it seems 
most advisable not to reject the idea that both elements may be necessary. 

Nothing is known, however, of the nature of the actions of the elements: 
whether they are directly involved in the process of nitrate assimilation ‘as 
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catalysts of the transformation of nitrogen itself, or whether they take part 
in other reactions. indispensable for the assimilation of nitrate. The relation 
between manganese and diamyl-A.A. is of interest in this connexion. The 
fact that manganese counteracts only the part of the activity of the acid 
linked with nitrate assimilation but, apparently, not the one connected with 
growth would indicate some more specific action of manganese in the assi- 
milation process, or perhaps in some reaction conducive to the assimilation. 
The possibility of substituting manganese for iron, on the other hand, points 
to some fairly unspecific activity of the metals. It is especially interesting 
that the very strong poisonous effect of the non-biogenic diamyl-A.A. can 
be prevented by a kind of activity of the metals, which apparently occurs as 
well under normal conditions. This would seem to indicate that in the 
normal root there are substances acting somewhat similar to diamyl-A.A. 
but with a lower activity, and that the normal function of manganese would 
be a detoxication of these hypothetical substances. If the manganese action 
is of such a protecting nature the metal cannot be regarded as a specific 
catalyst of the nitrate assimilation or some part thereof, but it would be 
easier to explain the non-specific substitution with iron. 


Summary 


n-Diamylacetic acid, which has been shown to affect the root growth 
from the concentration 10—° mol, decreases or inhibits the nitrate assimila- 
tion already in 10—$ or 10-7 mol solutions. This inhibition in itself cannot 
explain the growth disturbances, but the two phenomena may be regarded 
as signs of some more fundamental action in the root. The inhibition of 
the assimilation can be prevented by increasing the supply of manganese, 
or to a lesser degree by iron, just as the assimilation under normal con- 
ditions depends upon these metals. The significance of these results is 
discussed and it is pointed out that inhibitory actions similar to that caused 
by diamyl-A.A. may occur normally in the roots, the function of man- 
ganese being to counteract them. 
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It was shown in an earlier investigation (Stalfelt 1946) that, under nor- 
mal conditions, the viscosity of the protoplasm in the leaf cells of Helodea 
densa is not constant but changes continuously. Virgin (1947, 1948) later 
found that the same variations occur in Spirogyra and Mnium. Because of 
the difficulty of obtaining experimental material suitable for the experi- 
mental method chosen, only the forementioned three species have been 
studied in this respect. Since the changes are similar in all three species, 
Virgin (1948) is of the opinion that the phenomenon is presumably com- 
mon to the protoplasm of all green plants. 

The variations in the viscosity decrease in darkness and cease almost 
entirely after two or three days but start again as soon as the object is 
exposed to light. 

Moreover, it has been stated (Stalfelt 1947, 1948) that water extracts of 
green leaves, recently fallen leaves and other kinds of fresh litter contain 
substances which influence the protoplasmic viscosity (test plant: Helodea 
densa). The substances are of two kinds, one which increases and one 
which decreases the viscosity. Concentrated, the extracts are poisonous, 
whereas diluted they cause an increased viscosity even at concentrations of 
1: 10° (quantity of extracted material=1). 

The substances are resistant to high temperatures but are probably slowly 
destroyed by microorganisms. They are found in soil water, in lake water 
and in tap water and derive from decaying vegetable matter which has 
been extracted by precipitation. 

It was also concluded (Stalfelt 1948, page 25) that the effective substances, 
or their precursors, already occur in the living cells. 
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On the basis of the last-mentioned conclusion, the investigations were 
continued and concentrated on a study of the occurrence of these substances 
in living plant organs. 


The material and the method 


Living leaves, as well as a number of fruits, seeds, tubers and other under- 
ground stems and their products were used as experimental material. The 
object was crushed and extracted with water. The effect of the extract on 
the viscosity of the plasma was then studied, using Helodea densa as the 
test plant. The measurements of the viscosity were made by the centri- 
fugation method, with a centrifuge of angle type and at about 3,000 r.p.m., 
as described earlier (Stalfelt 1946, 1948). 


Experimental results 


In the earlier experiments (1947, 1948) the leaves were extracted with 
water at room temperature. The process was slow and several weeks were 
required for the extract to reach its maximal activity. In the meantime the 
nature of the extract changed. Initially it increased the viscosity, this effect 
becoming intensified during the course of one or several weeks. After reach- 
ing a maximum the effect decreased to zero and changed into a viscosity- 
decreasing effect which became increasingly strong. It was therefore con- 
cluded that the experimental material discharged both viscosity-increasing 
and viscosity-decreasing substances. 

When living leaves were extracted with boiling water, an extract with a 
similar effect to the foregoing was obtained. The only difference was that 
the viscosity-decreasing effect often appeared first, whereas the order was 
usually reversed with the extract from litter. The substances affecting the 
viscosity are thus already present in the living cells and remain unchanged 
in the litter. 

Fig. 1 shows the effect of some extracts of leaves. Green leaves, living 
when collected, were extracted in an autoclave at 130° C for 20—30 minutes, 
the proportion between the leaves and the distilled water being 1 g of leaves 
to 20 g of water. The extract was tested in concentrated form. Parts of the 
shoots of Helodea were placed in the extract and the viscosity studied at 
fixed intervals. Some extracts (Alnus glutinosa, Corylus avellana, Populus 
tremula) immediately increased the viscosity whereas others (Fraxinus excel- 
sior, Sorbus suecica) initially evidenced a decreasing effect which lasted for 
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Fig. 1. Effect of leaf extract (5 g of green leaf in 100 cc of dist. water at 130° C for 30 
minutes) upon the viscosity of protoplasm. Hours in the liquids —time during which the 
test objects (Helodea leaves) remained in the liquids (extracts and distilled water). 
Minutes of centrifugation—time of centrifugation needed for displacement of all the 
chlorôplasts in the cells of the upper leaf surface. A=Alnus glutinosa (similar results 
obtained with leaves of Corylus avellana and Populus tremula). B=Sorbus aucuparia 
(similar results from Pinus silvestris). C=Fraxinus excelsior (similar results from Sorbus 
suecica). D=Betula pubescens. Dist.— Distilled water (control). When the centrifugation 
of the chloroplasts requires more than 25 minutes the curve is drawn as a dotted line. 


some hours and was then succeeded by a strongly increasing effect. The 
order in which the decreasing and increasing effects took place was thus 
not the same as that found earlier, when the cold water extract was used. 
The cause of the difference may lie in a different extractibility in the two 
types of substances so that the viscosity-decreasing substances are extracted 
more slowly in cold water. Alternately, there may be differences in perme- 
ability during the passage of the substances through the cell walls of the 
test plants. 

Similar experiments were made with extracts of fruits, seeds and tubers 
and with food made from them. 

Fig. 2 shows the effect of water extracts of various kinds of flours on 
the viscosity. During the first few hours there was a considerable decrease, 
followed by an increase in the viscosity. Milk had the same effect. The 
explanation is presumably that the body of the animal absorbed the viscosity- 
active substances from the fodder and they thereafter passed unchanged 
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through the circulation and the secretory organs. Such a passage presup- 
poses considerable chemical stability. This property can be ascribed to the 
forementioned substances even on the grounds that, after extraction from 
the litter, they are still present for several weeks and even for months in 
the soil, watercourses and lakes (Stälfelt 1948). 

Because of their thermostability, the substances are also present in bread 
and other products of grain, e.g. cornflakes and oatmeal. Such examples 
are shown in Fig. 3. An extract of 1 g of bread with 100 cc of water is 
sufficiently concentrated to induce a rise in the viscosity. 

Similar effects were obtained with berries, potatoes, onions and other 
underground storing organs. (Figs. 4 and 5). 

Extracts of all the vegetable materials investigated hitherto had, on the 
whole, a similar effect on the viscosity of the protoplasm, i.e. after a varying 
period of time it showed an increase, preceded as a rule by a decrease. 


Discussion 


Earlier investigations (Stalfelt 1946, Virgin 1947, 1948) revealed that the 
viscosity of the protoplasm is not constant under normal conditions but 
that it varies continuously about certain mean values. These mean values 
alter somewhat with the seasons of the year, presumably owing to the 
differences in the daylight and the strength of the sunlight (Virgin 1948). 
The variations cease after two or three days in darkness but start again 
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Fig. 3. Effect of water extract of rye-bread (A=10 g of bread in 100 cc of dist. water 
and B=1 g of bread in 100 cc of water at 20°C for two days) upon the viscosity of 
protoplasm. Similar results also obtained with extracts of wheat-bread and cornflakes. 
Otherwise as in Fig. 1. 


immediately under the influence of light (Stalfelt 1946, Virgin 1947). Their 
cessation in darkness takes place some time before those necrotic changes 
become visible that gradually appear as a result of the lack of light and 
finally lead to the death of the cells. The cessation of the variations can be 
regarded as the first stage in this process of necrosis. For, the variations 
that normally occur in the viscosity are associated with the normal physio- 
logical activity of the cells and they cease with the interruption of this 
activity. 

The fact that a connexion exists between the physiological functions of 
the plasma and the state of the viscosity was also shown by the investigations 
of Seifriz ard Pollack (1948). They demonstrated that an increased physio- 
logical activify is correlated to an increased fluidity in the plasma whereas 
the fluidity drminishes. with a decrease in the activity. Substances that have 
a stimulating or inhibitory effect, i.e. stimulants and anaesthetics, thus also 
affect the fluidity of the plasma. 

Moreover, we are aware that certain physiological processes and pro- 
perties are directly associated with changes in the viscosity, e.g. mitosis, 
resistance to cold and dryness and the development of the cells and organs 
(Stälfelt 1946, page 1). The studies made by Virgin (1949, page 162) have 
shown that the plasma flow is also more rapid when the viscosity is low. 
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Fig. 4. Effect of water extract of lingon 
berries (Vaccinium vitis idaea L.) (A= 
20 and B=2 g of fresh fruits in 100 cc 
of dist. water at 20°C for one day) 
upon the viscosity of protoplasm. Simi- 
lar results obtained with bilberries 
(V. uliginosum L.) and grapes. Other- 
Hours in the liquids. wise as in Fig. 1. 
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All those processes that are dependent on the plasma flow are thus also 
dependent on the viscosity. 

The relation between the physiological functions of the plasma and the 
state of its viscosity can be explained on the grounds that the viscosity is 
an expression of the structure or of the colloid state of the plasma or of 
both, i.e. of properties of basic importance for the course of the physio- 
logical processes. The state of the viscosity thus becomes an indicator of 
the conditions for these processes. Under normal conditions the viscosity 
of the plasma is labile. This is indicated by its rapid variations (Stälfelt 
1946). It is strongly influenced by light and by different exogenous chemical 
and physical forces (Stälfelt 1947, pages 63—64). Because of its lability 
and sensitivity, the viscosity — or more correctly the plasmatic properties 
that determine it — would be a prey to all kinds of exogenous and endo- 
genous forces. This would result in random values for it, i.e. in random 
conditions for the physiological processes, unless the plasma were in pos- 
session of a regulator able to maintain the variations within certain limits. 
Several reasons indicate that the plasma actually possesses such a regulator 
and that the substances affecting its ‘viscosity and described in the foregoing 
are components of it. 

The following facts speak in favour of this hypothesis: 


1. Despite its sensitivity to the effect of all kinds of exogenous factors, 
the viscosity remains in the vicinity of a certain mean value. Under normal 
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Fig. 5. Effect of water extract of potato (A=20 and B=2 g of pounded fresh potatoes 

in 100 cc of dist. water at 20°C for 2 days) upon the viscosity of protoplasm. Similar 

resulfs obtained with common beet (Beta vulgaris var. rubra L.), carrot (Daucus carota L.), 

Swedish turnip (Brassica napobrossica), artichoke (Helianthus tuberosus) and onion 
(Allium cepa). Otherwise as in Fig. 1. 


conditions it varies constantly about it or ın its vicinity in such a way that 
could be expected were the variations controlled by a regulator. 

2. All the living plant organs studied hitherto contain two kind of sub- 
stances, one increasing and one decreasing the viscosity. 

3. These substances have a very high physiological activity and presum- 
ably only occur in very minute quantities in the cells, as they do not consist 
of any generally known cell components. Their activity is considerable, even 
dilutions of 1: 10° (1=the quantity of extracted plant material, v. Stälfelt 
1948, page 29) heing effective. 

4. The high degree of activity of the substances as well as their general 
occurrence indicates that they are a constitutional part of the plasma. Two 
such highly active substances each with an opposite physiological effect can 
only be interpreted as forming constituents of a system of equilibrium. 

5. According to Seifriz and Pollack (l.c. page 21) the effect of stimulants 
and anaesthetics is associated with a change in the fluidity of the plasma 
so that stimulants solate whereas depressants gelate the protoplasm. At 
higher concentrations the effects of the agents become irreversible and lead 
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to the death of the cells, in one case by solation and in the other by gelation. 
The same kind of effect could then be anticipated if the plasmatic sub- 
stances affecting the fluidity were present in the cells in such quantities or 
in such proportions that the state of the viscosity was exposed to irreversible 
changes. Experiments have also shown that, if the test plant is treated with 
high concentrations of plant extracts, the viscosity rises to such a high level 
that the cells are killed (Stälfelt 1948, page 29). This agreement between 
stimulants and depressants of known composition and the substances within 
the cells acting on the viscosity speaks in favour of the assumption that the 
latter Serve as regulators of the viscosity. The effect of stimulants and of 
depressants can then be regarded as an intervention in the natural regulatory 
system supporting the plasmatic control of the viscosity. 


Summary 


Living plant cells contain two kinds of substances affecting the viscosity 
of protoplasm in opposite directions, i.e. viscosity-increasing and viscosity- 
decreasing. They have a high physiological activity and presumably only 
occur in small quantities in the cells. They are found in all the organs 
hitherto studied in this respect (leaves, fruits, seeds, underground storage 
organs). The conclusion is drawn from the experimental results that the 
substances are a constitutional component of the plasma and that they 
form parts of a system of equilibrium whereby the plasma is able to control 
and regulate the state of its viscosity. 

The following facts are brought forward as further support of the hypo- 
thesis. The state of viscosity in the plasma is labile and easily affected by 
various kinds of exogenous factors but it nevertheless remains in the vicinity 
of a certain fixed mean value. The normal variations about this mean value 
also indicate the occurrence of a regulatory mechanism. Moreover, a cor- 
relation exsits between the physiological activity of the plasma and the state 
of its viscosity. Without a mechanism regulating the viscosity of the plasma 
the physiological processes would take place in random conditions. 
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1. Introduction 


Several investigations have shown that nitrophenols, especially 2,4-dinitro- 
phenol (DNP) in low concentrations stimulate respiration and cell meta- 
bolism of different organisms. In animal tissue as well as in yeast (for a 
review of the effects on animals and yeast see Peiss & Field 1948) and 
higher plants oxygen uptake is stimulated by low concentrations and in 
man a rise in body temperature is induced. Higher concentrations are 
inhibitory and have a toxic effect. A positive effect upon respiration in 
higher plants has been observed several times (see Plantefol 1932, Bonner 
1949 a, b, Kelly & Avery 1949). In a previous communication (Stenlid 1949) 
the present author reported some preliminary experiments on the effects of 
DNP upon the oxygen consumption in higher plants, especially carrot leaves. 
This paper will give a more detailed report of the effects of DNP upon 
oxygen consumption in young wheat roots. Wheat roots are a convenient 
material as it seems pertinent also to investigate the effect of DNP upon 
sugar uptake (DNP affects phosphorylation processes strongly) and young 
wheat roots readily absorb sugar. DNP also penetrates more rapidly into 
wheat roots than into leaves. 

The effects of DNP are of special interest, as a group of weed-killers 
contains 2,4-dinitro-6-methylphenol (dinitro-orthocresol) as the active sub- 
stance. This latter substance was not available in pure form to the author 
but some experiments have been made with »Stirpan», the dinitrocresol 
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preparation most frequently used in Sweden (it contains about 20 °/o dinitro- 
cresol). The results were mainly the same as for DNP and it thus seems 
possible to apply the results obtained with DNP also to dinitro-orthocresol. 

In addition, some experiments with other nitrophenols have been made. 
In all experiments special attention has been paid to the influence of pH, 
as it has been found that quite different effects can be obtained with one 
and the same concentration of nitrophenol only by changing the pH (see 
Field, Martin & Field 1933 and Stenlid 1949). The absorption of nitrophenol 
by wheat roots at different pH values has been estimated by spectrophoto- 
metric methods. 

As it has been suggested (Nance 1949) that 2,4-dichlorophenoxyacetic acid 
affects phosphorylation processes, some experiments on oxygen and glucose 
uptake have been made with this substance. 


2. The effect of nitrophenols upon oxygen consumption 


The oxygen uptake was determined at 25° C in a Warburg-Barcroft apparatus. 
15 root tips (10—15 mm long; about 40 mg fresh matter together) from three days 
old wheat plants (var. Diamant II) were used in each vessel. The plants were 
grown on moist filter in Petri dishes and the total length of the roots was about 
30—40 mm. 1.0 ml solution was used in each vessel and the inhibitor was added 
when the oxygen consumption had been approximately constant for one hour. The 
values in the figures give the oxygen consumption in buffer solution + inhibitor 
expressed as per cent of the consumption in the pure buffer solution. A correction 
is made for differences in the initial rates (before addition of the inhibitor). At 
least two vessels with pure buffer solution and two with buffer solution + inhibitor 
were used for each determination. In the figures the points of the curves are 
plotted at the middle of the time period during which the determination was made. 
The buffers used were circa 0.01 M and contained Na,HPO, and citric acid (pH 4.6 
and 5.8) or Na,HPO, and KH,PO, (pH 7.0). These buffers were chosen as they 
have a good buffer capacity and have no specific toxic action on wheat roots. 
No addition of bivalent ions (which had been desirable from certain points of view) 
was made as they may react with some of the inhibitors used in this investigation. 


The effect of DNP upon oxygen consumption was determined at three 
different pH values, 4.6, 5.8 and 7.0. At every pH value a concentration 
series was made. The results are given in figures 1—3. For the sake of 
clarity some of the concentration curves have been omitted. The curves for 
these concentrations are intermediate between those in the figures. 

At every pH value there is a concentration range where the oxygen uptake 
is increased during the time period observed. At lower concentrations no 
effect is obtained, at higher oxygen uptake is inhibited. The concentrations 
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Fig. 1. The effect of different concentrations (mol./l) of DNP upon oxygen consumption 
in young wheat roots at pH 4.5—4.7. For further explanations see page 351. 


giving the positive effect are lower at lower pH values. As it was observed 
in the case of carrot leaves (see Stenlid 1949), the same concentration can 
give quite different effects at different pH values. At some concentrations 
the effect changes from positive to negative when some time has passed 
from the addition of the inhibitor (see e.g. 6-10—° M at pH 5.8). 

Similar experiments have been made with o-nitrophenol, m-nitrophenol, 
p-nitrophenol, 2,5-dinitrophenol, picric acid (2,4,6-trinitrophenol), and the 
weed killer preparation »Stirpan» (containing 2,4-dinitro-6-methylpher 31). 
Some of the results are given in tables 1 and 2 together with the pK values. 
The effects obtained with the other nitrophenols are about the same as with 
DNP although the concentrations needed are higher (except for Stirpan which 
has approximately the same activity as DNP as it contains 20 °/o dinitro- 
cresol). All compounds have greater activity at pH 4.6 than at pH 7.0 but for 
the compounds with high pK values (which means less relative difference 
in concentration of undissociated molecules between pH 4.6 and 7.0) the 
difference is smaller than for 2,4-dinitrophenol. These facts indicate that the 
undissociated molecules in the solution outside the root are the most active 
(inside the root the anion may very well be the active form). Plantefol 
(1932) who investigated the effect of nitrophenols upon Sterigmatocystis got 
the same series of toxicity, i.e. DNP was the most toxic and picric acid and 
o-nitrophenol the least toxic. Also in experiments with dogs (Magne et al. 
1932) the same series was observed. 
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Fig. 2. The effect of different concentrations (mol./l) of DNP upon oxygen consumption 
in young wheat roots at pH 5.7—5.9. For further explanations see page 351. 
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Fig. 3. The effect of different concentrations (mol./l) of DNP upon oxygen consumption 
in young wheat roots at pH 6.8—7.0. For further explanations see page 351. 
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Table 1. Comparison of the effect of different nitrophenols upon oxygen consumption in 
wheat roots. The values give the conc. showing a marked inhibition of oxygen uptake 
after about 60 minutes. For further explanations see page 351. 


EEE EEE mT 


Substance Conc. at pH 4.6 | Conc. at pH 7.0 Vice oe a oe 
acid Conc. 4.6 
2,4-dinitrophenol...... 9-10-6 M 7°10—-4 M 4.0 80 
2,5-dinitrophenol...... 2—3°10-5 M| 45:10—4 M 5.1 20 
p-nitrophenol ......... 310477 OCTO SN 721 3 
m-nitrophenol ......... 1—1.5 :10-3 M| 1.5 10-3 M 8.3 1—1.5 
o-nitrophenol ......... 1.5°10-3 M 3-10-3 M 2.1 2 
picriesacid ee... c. 10-3 M — 0.8 — 
SÉHEPAR ee. 10 mg/l 750 mg/l 4.7 75 


Table 2. Influence of the weed killer preparation Stirpan upon oxygen consumption in 
wheat roots. The values give the oxygen consumption expressed as per cent of the controls 
without Stirpan. For further explanations see page 351. 


pH 4.6 pH 7.0 
Time in minutes Time in minutes 
mg/l mg/l 
0—10 10—25 25-40 40—100 100—160 160—220 0—30 30—60 60-120 
5 121° 127 “129 111° 93 10 10 110 110 110 
1197 96 OG ee 76 20 120 120 120 
50 66 52 28 12 4 7 50 130 135 135 
90 ST nd 4 100 150 150 150 
| 500 115 106. 107 
1000 93 RT ~ 87 
2000 v4 0. 


Table 3. Effect of formaldehyde upon oxygen consumption in wheat roots at pH 4.6 and 
pH 7.0. The values give the oxygen consumption in per cent of the controls without 
formaldehyde. For further explanations see page 351. 


Time in minutes 


0—15 15—50 50— 90 90— 150 


10-3 M 4.6 95 74 57 57 
10-3 M 7.0 108 71 68 59 
5:10—3 M 4.6 66 27 20 15 
5:10—3 M 7.0 58 35 33 24 


THE EFFECT OF 2,4-DINITROPHENOL 355 


Table 4. Comparison of the effect of 2,4-dinitrophenol at pH 7.0 upon oxygen consumption 
in wheat roots in solutions with and without sodium azide. 2,4-dinitrophenol added to 
give a concentration of 10—4 M in both cases but in the experiment with sodium azide the 
phosphate buffer contained 2. 10—4 M sodium azide. The values give the oxygen consump- 
tion in per cent of the controls without 2,4-dinitrophenol. 
mm 


Time in minutes 
Solution 
0—20 | 20—40 | 40—65 

—" 
ee Mr eee. Lite 143 | 152 | 145 

een eesfe indem nee oe 
DN PUNO A rn Mu | 
NaN, 2: 10-4 102 | 91 | 93 


Table 5. The effect of DNP upon oxygen consumption in buffer solutions+o-phenanthro- 

line. Initial pH 7.0. At 155 minutes DNP was added to give a concentration of 10—4 M. 

The values give the oxygen consumption in per cent of the control (without o-phenanthro- 
line and DNP). 


Initial conc.| Addition Time in minutes 
ofo-phenan-| at 155 


ghroline. | id 0—20 20—40 40—70 70—125 125—155 155 —185 185—215 215—275 275—335 


3:10-5 M = 97 79 55 41 31 34 26 25 28 
32 100 M DNP 90 74 59 39 33 55 54 62 70 
10-4 M — 90 73 52 41 33 32 25 30 30 
10-4 M DNP 94 73 55 41 30 51 52 55 59 


The influence of an unionized substance, formaldehyde, upon oxygen con- 
sumption is shown in table 3. No difference is obtained between pH 4.6 
and pH 7.0. 

It seems probable that the stronger and more rapid effects in acid solu- 
tions are due to increased uptake of the undissociated molecules. To illustrate 
this question somewhat more in detail, direct estimations of the absorption 
have been made. They are reported on page 360. 

From their experiments with sea urchin eggs Krahl & Clowes (1940) con- 
cluded that the extra respiration induced by DNP is due exclusively to an 
enzyme system with a heavy metal in its active group. This conclusion seems 
to be valid also for wheat roots. In table 4 it is seen that sodium azide in 
low concentration at pH 7.0 (this concentration has only a slight effect 
upon oxygen consumption of wheat roots; see Stenlid 1948) totally inhibits 
the extra respiration induced by DNP. o-phenanthroline has not this effect 
(table 5). It can be observed that also the extra respiration induced by 
glucose in wheat roots is totally inhibited by sodium azide (see Stenlid 1948). 

The increase in oxygen consumption after addition of DNP may be due 
either to increased supply of some necessary substrate or to the activation 
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Table 6. Oxygen consumption in fullgrown carrot leaves as influenced by expressed juice 
and DNP. Expressed juice from fullgrown carrot leaves resp. DNP added at time 0. 
Experiments made in phosphate buffer (pH 7.0). Boiled juice is compared with unboiled. 
The effect of DNP is compared in buffers with and without added juice. The values give 
the Os consumption in per cent of the consumption in the initial solution. Every value 
is the mean of determinations in two vessels with addition and two vessels with initial 


solution. 
————————————————————————— 
Time in minutes 
Initial solution Addition at time 0 
0—30 30—105 105—130 

1.02ml buffer... 7. 0.1 ml unboiled juice 145 160 

1.0=ml buffer ........--- 0.1 ml boiled juice 145 149 159 
I0zmlebuflermen er 0.1 ml 2 :10-3 M 

0.1 ml unboiled juice | DNP > is = 
Orme butler. .----4.0-- (DS imi 2 10-3 M 

OMemivaqudestinnn...- DNP 204 bag 160 


of some enzyme system. For animal tissue it has been suggested (Peiss & 
Field 1948) that DNP neutralizes some factor inhibiting the enzyme system 
already working, rather than activates a new enzyme. For brain tissue, the 
increased respiration obtainable in intact tissue after addition of DNP is 
the same as the maximum respiration obtained in brain homogenate without 
DNP. Further, respiration in brain homogenates is not stimulated by DNP. 
A possible explanation of these facts is that the action of DNP consists of 
a disturbance of the cell structure resulting in increased contact between the 
components in the protoplasm. 

Some observations made on carrot leaves may be interpreted in a similar 
way. The oxygen consumption in carrot leaves is augmented by adding 
expressed juice from carrot leaves to the surrounding solution in Warburg- 
Barcroft vessels. The juice (prepared according to Burström 1945) was 
diluted ten times with buffer solution. In this dilution the juice caused an 
increase in oxygen consumption of the same magnitude as that produced 
by DNP. Juice heated to boiling for some minutes and afterwards filtered 
had the same effect as unboiled juice. Thus it is obvious that the effect of 
increased oxygen consumption is not due to the presence of an enzyme in 
the juice. If DNP is added to this system (leaves+buffer+ juice) no further 
increase is obtained (table 6). It seems as if DNP can give the same effect 
as would be produced by a certain combination of the components inside 
the leaves. Of course the non-additive effects of juice and DNP may 
be interpreted in other ways but comparing the results with those obtained 
from brain tissue the explanation is rather plausible. It should also be noted 
that mechanical action on leaves (such as bending or rubbing them) may 
cause a rise in respiration (See e.g. Audus 1940). 
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3. Experiments on glucose uptake 


The effect of DNP and some other substances on glucose uptake in excised wheat 
roots has been determined in a series of experiments. Wheat roots grown on moist 
filter papers in Petri dishes were cut when they were about 40 mm long. In the 
experiments on oxygen uptake only the very tips (10—15 mm) were used but in 
the experiments or sugar uptake the whole roots were taken. To assure constant 
pH the experiments were performed in the same buffers that were used in the 
respiration experiments. Glucose was applied in a concentration of 0.005 M (0.09 °/o) 
in all the experiments. The roots were rinsed once with the solutions before the 
experiments were started. The uptake was determined at 25° C in 100 ml flasks 
and air was bubbled through the flasks throughout the experiments. Duration of 
experiments 5 hours. 40—50 ml of solution and 1.0—1.5 g of fresh matter was used 
in each of the flasks. The values given in the tables are the mean of determinations 
from 2—4 different flasks with added inhibitor compared with an equal number 
of control flasks. 

The method of Philipson (1943) was used for the sugar determinations. All 
values reported in this paper are obtained by this method, but the results were in 
some cases checked by the method of Willstatter and Schudel in the modification 
of Myrbäck and Ortenblad (1939). No significant differences were obtained. Deter- 
minations after precipitation with lead acetate and sodium carbonate gave slightly 
lower values than the determination made directly on the solutions. As it is, how- 
ever, the quotient between sugar uptake in solutions with and without inhibitor 
that is of interest and as this quotient was not significantly affected by precipitation, 
the more rapid way of determining glucose in the unprecipitated solution was 
chosen. The inhibitors in the concentrations used in this investigation only slightly 
influenced glucose determinations and a correction was easily made for this effect. 
The differences between the rates of uptake in the pure buffer solutions were 
relatively small. 


2,4-dinitrophenol was applied in different concentrations at three pH 
values (4.6, 5.8, and 7.0). The results are given in table 7. A stimulation of 
the sugar uptake was never observed with the concentrations used, but at 
every pH value higher concentrations inhibited glucose uptake. Two »cri- 
tical» concentrations can be determined for every pH value namely: 1) the 
lowest concentration of DNP at which inhibition of sugar uptake is obvious 
and 2) the concentration of DNP at which no sugar is taken up but where 
exudation exceeds absorption. These two values thus delimit the region in 
which a restricted absorption of glucose takes place. Comparing these values 
with the values obtained in the experiments on oxygen consumption it is 
seen that the concentrations of DNP giving a restricted absorption of glucose 
are the same as those having a positive effect upon oxygen consumption 
(table 8). In stronger concentrations where oxygen uptake is partly inhibited 
a total disorganization of the sugar-absorbing mechanism obviously sets in 
and the exudation of sugars exceeds absorption. The experiments with 
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Table 7. The effect of 2,4-dinitrophenol and Stirpan upon glucose absorption bu young 
wheat roots. The values give the inhibition of absorption expressed as per cent of the 
absorption in controls without inhibitor. Every value is the mean of determinations 
from 2 or 3 flasks with DNP compared with 3 flasks without DNP as control. Exud.= 
increase of sugar concentration in solution. For further explanations see p. 357. 


2,4-dinitrophenol Stirpan 
pH 4.5—4.7 pH 5.7--5.9 pH 6.9—7.1 pH 6.9--7.1 
DNP conc. 0/0 DNP conc. 9/0 DNP conc. 0/0 conc. 0/0 
mol./l Inhibition mol./l Inhibition mol./l Inhibition mg./l Inhibition 
5 :10—7 | No inhib. | 2 10-6 | No inhib. 10-5 | No inhib. 10 No inhib. 
10-6 14 31058 2 3° 10—5 24 25 15 
106 35 6 : 10-6 25 10—4 31 75 64 
6 : 10-6 89 10—5 69 1.7210 65 100 50 
9 : 10 —6 Exud. 27103 79 42104 95 240 98 
10-5 Exud. 3 : 10-5 Exud. 9 : 10 —4 Exud. 500 Exud. 
6: 10—5 Exud. 650 Exud. 


Stirpan and other nitrophenols gave mainly the same results as those 
with DNP. 

In connection with determinations of the exudation of substances absorb- 
ing ultraviolet light (Stenlid 1947) some observations on the effect of dif- 
ferent inhibitors upon the exudation of reducing groups was made. It was 
found that most of the inhibitors, at least under certain experimental 
circumstances, caused an increased exudation of reducing groups. Here only 
some experiments with iodoacetic acid should be mentioned. In table 9, 
determinations of exuded reducing groups (determined with the method of 
Philipson; calculated as glucose) from pea roots are recorded. Exudation 
in NaCl and the sodium salt of iodoacetic acid was compared and it is seen 
that exudation is considerably increased by iodoacetic acid. Christiansen 
et al. (1949) studied the effect of iodoacetic acid upon pea hypocotyls. They 
found that iodoacetic acid at the same time inhibited respiration and caused 
a more rapid decrease in sugar content compared to the controls. They 
interpret these facts by suggesting that some non-reducing compound is 
formed from sugars. As they made their experiments with the hypocotyl 
pieces floating on solutions it seems more likely that the explanation also in 
this case is to be sought for in an increased exudation. 

Some observations indicated that sodium azide interferes -with glucose 
utilization when added in concentrations not markedly affecting respiration 
(see Stenlid 1948). Some experiments on glucose uptake similar to those 
with DNP were therefore made with sodium azide. In table 10 it is seen 
that the effect of NaN; on sugar uptake is stronger than on oxygen uptake 
although the difference between these two actions is less than for DNP. 
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Table 8. Comparison of the effects upon oxygen and glucose absorption at different pH 
values. Values taken from figures 1—3 and tables 2 and 7. 


en 


Lowest conc. > 3 5 
tl akvions owest conc. Concentration region 
Substance pH We where glucose |. with augmentation 
inhibition of is exuded of oxygen tak 
glucose abs. ; + D a 
2,4-dinitrophenol ......... | 4.6 8:10-7M 8:10-6 M 2:10-7—9 10-6 M 
Su Be 5.8 3:10-6 M 3°10-5 M 2 :10-6—5 10-5 M 
Sy + ge | 7.0 2:10-5 M SONDE 5: 10—-8&—5- 10-4 M 
SUPPDAD Me nee ent 7.0 20 mg/l 500 mg/l 10—750 mg/l 


Table 9. Exudation of reducing substances in solutions of NaCl and CH:l COONa. 20 pea 

roots (c. 40 mm long) in 40 ml solution. Samples heated 1 min. with 0.2 N HsSO4 to 

hydrolyze sucrose. Amount reducing substance estimated according to Philipson (1943) 

and caleulated as mg glucose. Every value is the mean of determinations from three 
different flasks. 


Time in minutes pH 
Solution 
| 070 || 70-180 | 180—800 initial final 
| 
0.0025 M NaCl ...... 1.4 1.4 | 1.6 6.6 6.4 
0.001 M IAcNa ...... 1.8 2.4 4.8 6.6 6.5 
| 0.003 M IAcNa ...... 1.8 2.6 | 5.4 6.5 6.2 | 


Table 10. The effect of sodium azide, o-phenanthroline, and sodium diethyldithio- 
carbamate upon glucose absorption in young wheat roots. For further explanations see 


table 7. 
Inhibition Inhibition 
f gl of glucose 
Substance Conc. | pH aoe 00 of Substance Conc. pH am 0/0 of 
control control 
INGING RE 2.104750 36 Na diethyldithio- 
CORRE ONE 5:10—4| 7.0 62 carbamate ... .. NO 7A) 60 
Doe sae asigase asians 1070 88 » 2.5:10—4| 7.0 74 
o-phenanthroline 10-4 7.0 57 » 3°10—4| 7.0 Exud. 
» 5 10=5) 27.0 43 » 5-10—-4| 7.0 Exud. 
| > 9:10-4| 7.0 | Exud. 


In table 10 experiments with some other substances are also recorded. 
Especially the distinct effect of sodium diethyldithiocarbamate should be 
noticed. In the concentrations and at the pH used it has only a slight effect 
upon oxygen consumption in wheat roots (unpublished experiments by the 
author). Ortho-phenanthroline, on the other hand, inhibits oxygen consump- 
tion to a greater degree than glucose absorption (cf. tables 5 and 10). 

The results obtained in the experiments on glucose absorption are discus- 


sed more in detail on page 366. 
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4. The absorption of nitrophenols at different pH 


As a rule weak acids seem to be absorbed more easily as undissociated 
molecules than as ions. The most probable explanation of the different effects 
of nitrophenols in acid and neutral solutions is also an enhanced penetration 
and uptake in acid solutions. The results reported in parts 2 and 3 support 
this assumption. Some experiments determining the amount of substance 
taken up have also been made to see if there is really a measurable dif- 
ference in the velocity of uptake at different pH values. 

For the determination of nitrophenols a spectrophotometric method was 
used. The absorption spectra were determined with a Beckman quartz 
spectrophotometer DU. The absorption spectra of the nitrophenols are quite 
different at different pH values (nitrophenols are often used as indicator sub- 
stances). As an example the absorption spectra for 2,4-dinitrophenol at pH 1.5 
(the colourless undissociated acid) and at pH 8.5 (the yellow anion) are 
given in fig. 4. For the determinations of DNP 1 ml 0.1 M NaOH was added 
to 5 ml of the samples and the extinction at 3600 A was determined in an 
1 cm quartz cell. Between pH 6 and 12 the maximum absorption of DNP 
is almost constant and the small differences in pH due to the different buffer 
solution have no influence on the determinations. 
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Table 11. The absorption of DNP by excised wheat roots at different pH. Two different 
experiments are recorded. The values give the extinction in 1 cm layers. The reduction 
in extinction at 3600 A represents the minimum absorption as no correction is made 
for exudation. Initial concentration 2-10—5 M. Every value is the mean of determinations 


from 2 flasks. For further explanations see page 360. 


H A Time 
P À units 0 3 ë x = E 2e ; £ 
min. 35 min. 75 min. 155 min. 210 min. 

Exp. A. 45 3000 0.055 0.162 1925 

$ 3600 0.269 0.163 0.350 

58 3000 0.054 0.106 0.127 

: 3600 0.265 0.236 0.181 

6.9 3000 0.051 0.107 0.103 

a 3600 0.265 0.263 0.211 
Exp. B. 4.5 3600 0.276 0.159 0.261 

Ded 3600 0.269 0.237 0.198 

6.9 3600 0.269 0.267 0.217 


As reported before (Lundegardh & Stenlid 1944) wheat roots exude sub- 
stances absorbing both ultraviolet light and to some extent blue light (small 
amounts of a yellow pigment is exuded). Especially when respiration is 
inhibited this exudation may be strong (see Stenlid 1948) and precautions 
must be taken to avoid interference from the exuded substances. There are 
four main points to be considered. 1) The experiments should be of short 
duration so that the amount exuded is relatively small. 2) The extinction of 
the nitrophenol must be much greater than the extinction from the exuded 
substances. A relatively high concentration (2-10—° M) was therefore chosen. 
3) The concentration used must not have immediate toxic effects for in 
that case the absorption is inhibited and a strong exudation prevails. 4) The 
extinction should be determined at a rather long wave-length where the 
extinction of the exuded substances is small. — It is thus only the initial 
rates of uptake that have been determined. 

Experiments were made both with excised roots 30—40 mm long and with 
intact plants grown in nutrient solutions. In the experiments with excised 
roots about 1 g fresh matter was used and the amount absorbed from 50 ml 
of the solutions was determined. In the experiments with intact plants 10 
plants (8—10 days old with c. 10 cm long roots) were used for each 
determination. The fresh-matter content of the roots was about 0.8—1.0 g 
and the absorption from 150 ml of solution was determined. The solutions 
used were phosphate or phosphate-citrate buffers, c. 0.01 M. The buffers 
absorbed only very little light in the wave-length region used. In the experi- 
ments with excised roots air was bubbled through the solutions. 
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Table 12. The absorption of DNP by intact wheat roots at different pH. For further 
explanations see table 11. 


EEE À 


x Time 
pH à : ; 
Asis 0 min. 30 min. 105 min. | 210 min. | 390 min. 
res 3000 0.051 0.053 0.063 | 0.083 0.108 
3600 0.278 0.240 0.225 |. 20,221 0.220 
| 
oe 3000 0.048 0.051 0.056 | 0.059 0.075 
g 3600 0.274 0.263 0.263 | 0.259 0.260 
À 3000 0.046 0.057 0.055 | 0.059 0.071 
3600 0.275 0.276 0.273 | 0.275 0.275 
aS 3000 0.050 0.052 0.055 | 0.059 0.076 
; 3600 0.277 0.276 0.275 | 0.277 0.280 
ss 3000 0.047 0.049 0.055 | 0.059 0.067 
; 3600 0.276 0.274 0.276 0.277 0.281 


The results from the experiments with DNP are given in tables 11 and 12. 
In table 11 (excised roots) it is seen that during the first 30 minutes no 
measurable amount is taken up at pH 7.0 whereas the absorption is rapid 
at pH 4.5. After about 100 minutes the extinction begins to increase. This 
is more evident if the extinction is determined at 3000 A (here the absorp- 
tion is less compared to 3600 A for DNP and greater for the exuded sub- 
stance). Obviously the root is damaged and a rapid exudation sets in (cf. 
the results on page 358 from the experiments on glucose uptake). The experi- 
ments with intact roots gave approximately the same results as those obtained 
with excised roots (see table 12) although the process proceeds more slowly. 


Thus it may be stated that the absorption of 2,4-dinitrophenol by wheat 
roots is much faster at pH 4.5 than at pH 7.0. Also the appearance of the 
roots is a proof of this. At pH 4.5 the roots, especially the root tips rapidly 
turn yellow, whereas no obvious colour change can be seen at pH 7.0. 


Attempts were also made to estimate the uptake of some other nitrophe- 
nols, o-nitrophenol, m-nitrophenol, p-nitrophenol, 2,5-dinitrophenol and 
picric acid. Of these substances only p-nitrophenol and picric acid had a 
marked peak in their absorption spectra in a suitable region (near UV or 
visible light). For the other substances the estimation is more uncertain. 


p-nitrophenol has a pK of 7.1 and, accepting the view that the undissociated 
molecule is taken up readily, it seems probable that it should be absorbed 
rapidly even at pH 7. But from table 13 it is obvious that the uptake is 
much slower than for 2,4-dinitrophenol and very small at all pH values. 
Also the other nitrophenols are taken up at a rather slow rate. The only 
one that gave a measurable absorption was 2,5-dinitrophenol but also it 
was absorbed much more slowly than DNP. For picric acid the explanation 
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Table 13. The absorption of p-nitrophenol by intact wheat roots at different pH. Two 

experiments are recorded, one with the initial conc. 10—5 M and one with the initial 

conc. 2-10—5 M. The maximum absorption for the p-nitrophenol anion lies at 4000 A. 
For further explanations see table 11. 


pH cane. 3000 A. 4000 A. 
initial mol/l | 5 min. | 35 min. | 180 min. | 0 min. | 35 min. | 180 min. 

a 10-5 0.009 0.015 0.021 0.155 0.151 0.153 
9: 10—5 0.333 0.323 

de 10—5 0.009 0.012 0.021 0.152 0.149 0.150 
2 -10—5 0.345 0.332 

cs 10-5 0.007 0.009 0.016 0.151 0.150 0.149 
9 : 10—5 0.350 0.346 

2 10-5 0.008 0.012 0.015 0.145 0.152 0.155 
2 : 10—5 0.345 0.341 

a 10-5 0.009 0.011 0.020 0.152 0.150 0.155 
2-10-5 0.356 0.355 


may be that the concentration of undissociated acid is too low (picric acid 
is a rather strong acid with K=0.16) but for the other nitrophenols it seems 
as if the molecular configuration decreased the rate of absorption as com- 
pared with 2,4-dinitrophenol. The fact that 2,4-dinitrophenol is absorbed 
most rapidly is of interest as many physiologically active substatices are 
substituted in 2,4 position (e.g. 2,4-dichlorophenoxyacetic acid). The effect 
of the other nitrophenols was also less in the experiments on oxygen and 
sugar uptake and as a whole there is good agreement with the absorption 
experiments. It is thus likely that the strong effect of 2,4-dinitrophenol upon 
wheat roots is connected with the fact that this substance is rapidly absorbed 
by the roots. 

Under special circumstances it is also possible to determine indole-3-acetic 
acid by measuring its absorption in ultraviolet light. Indole-3-acetic acid has 
a maximum in its absorption curve at 2850 À. A 5: 10° M solution has an 
extinction of about 0.3 in a 1 cm layer and by using a 10 cm layer the 
concentration in pure solutions down to c. 2:10-° can be estimated rather 
accurately. Unfortunately exudates from wheat roots also absorb much light 
at 2850 A, but using suitable concentrations of indole-3-acetic acid and short 
exposure periods it is possible to make an estimation of the uptake (besides, 
a correction for the exuded substances can be applied). 

Albaum, Kaiser & Nestler (1937) showed that Nitella cells take up indole 
acetic acid much faster in acid solutions. Experiments at different pH values 
similar to those made with DNP showed that also, in the case of intact 
wheat roots, indole-3-acetic acid is absorbed faster in acid solutions. Through 
spectrographic measurements it was estimated that from a 5: 10° M solu- 
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Table 14. The effects of some 2,4-D derivatives and of indole-3-acetic acid upon oxygen 

consumption and glucose absorption in young wheat roots. The values give the oxygen 

consumption and the inhibition of glucose absorption expressed as per cent of controls. 

All values are not from the same series of experiments and therefore not quite comparable. 
For further explanations see pages 351 and 357. 


Oxygen consumption Inhibiton 

per cent of cnntrol of glucuse 

Substance Conc. pH 4.5 pH 7.0 Sn 

er cen 
30— 90 | 30—90 [270 —300| Fre enol 
min. min. min. 

2 A-D) Na csalt jcca.sscaseas ee eee ace eue 10—4 M 83 = = == 
RO a ed eee te 2:10-4 M 69 103 144 — 
2 NT en me ne ges 10—3 M 36 104 — 21 
Re 2 10-3 M 14 103 138 35 
2,4-D methyliestén 2... ee na 10-3 M* 11 53 150 — 
2-methyl-4-chlorophenoxyacetic acid 10-3 M* 21 107 — — 
Indole-3-acetic acid .....>e---.......... 5 10-5 M 85 — — == 
DE, EN ee erden 10-2 M 83 — — — 
Oe ge ARE ARR eee | 2 10—4 M 73 110 159 25 


* All not in solution. 


tion 15 %/o was absorbed at pH 4.6 during 70 minutes but at pH 7.0 no 
measurable quantity (<5 °/o) was taken up. 

Also 2,4-dichlorophenoxyacetic acid has an absorption in ultraviolet light 
making it possible to determine it by spectrophotumetric methods (Bandurski 
1947). The absorption at the maximum (2835 A) is about three times less 
than for indole acetic acid and the method therefore cannot be used in 
experiments such as have been described in this paper. 


3. The effect of 2,4-dichlorophenoxyacetic acid upon oxygen 
consumption and glucose uptake in wheat roots 


Concerning the effect of 2,4-dichlorophenoxyacetic acid (2,4-D) upon 
respiration, many investigations have been made on various plant materials 
and many different results have been reported: no effect, stimulation or 
inhibition (see e.g. Hsueh & Lou 1947, Smith, Hamner & Carlson 1947, 
Taylor 1947, Smith 1948, Kelly & Avery 1949, Mitchell, Burris & Riker 
1949, where also references to other investigations are found). Differences 
in plant materials, concentrations, methods of estimation (oxygen uptake or 
CO, evolution), time of application and in acidity contribute to give the 
different effects. As a rule, low concentrations and application of 2,4-D some 
time before the determinations favour an increase in respiration. Nance 
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% of control 
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Time in minutes 


Fig. 5. The effect of 2. 10-3 M 2,4-D, 10-3 M 2,4 D methyl ester and 2. 10-4 M indole-3- 
acetic acid upon oxygen consumption in young wheat roots at pH 7.0 and of 10-3 M 
2,4-D at pH 4.6. For further explanations see page 351. 


(1949) who worked with excised wheat roots, 30—40 mm long, states that 
2,4-D in concentrations between 5 and 10 p.p.m. has only a slight effect 
upon oxygen uptake while the absorption of nitrate and chloride ions was 
strongly inhibited by the same concentrations. 

In table 14 and in figure 5 some experiments on the effect of 2,4-D upon 
oxygen uptake in young wheat root tips are reported. The following facts 
were found: 

1) The action of 2,4-D is sensitive to acidity. At pH 4.5 the immediate 
effect is an inhibition. At pH 7.0 no such inhibition is visible, not even at a 
concentration of'2-10—* M (2,4-D is an acid with pK=3.3). 

2) 2,4-D methyl ester which is not dissociated inhibits also at pH 7. 2,4-D, 
being an acid obviously penetrates more rapidly as molecules. 

3) A distinction must be drawn between an immediate and a delayed 
effect of 2,4-D and 2,4-D methyl ester. After some time at pH 7 a stimulation 
occurs with both substances. At pH 4.5 the inhibition is diminished. In other 
experiments it was shown that this is not due to destruction of 2,4-D as 
addition of still more 2,4-D only enhances the positive effect. 

Taylor & Robinson (1941) reported greater inhibition of respiration in 
acid solutions than in neutral ones when indole-3-acetic acid was given to 
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root tips. To be able to compare the effect of indole-3-acetic acid and 2,4-D 
upon the same material additional experiments were made with indole-3- 
acetic acid (table 14). The results, showing a greater inhibition in acid solu- 
tions, were confirmed and at pH 7 a positive effect was obtained. 

Both substances also inhibit glucose uptake (see table 14) but the effect 
is not so obvious as for DNP. It is of interest to note, however, that all 
substances (nitrophenols, indole-3-acetic acid and 2,4-D) in certain concen- 
trations increase oxygen consumption at the same time as glucose absorption 
is inhibited. Burström (1942, p. 231) in experiments with lower concentra- 
tion (10—* M) of indole-3-acetic acid and longer duration (3 days) found a 
weak inhibition of glucose absorption while respiration was not affected. 


6. Discussion 


It is obvious that an accurate control of the acidity is absolutely necessary 
in all work with DNP as well as with other inhibitors. This has been shown 
earlier for DNP in many works with yeast and animal tissue (see e.g. Field 
& al. 1933 and 1935). Bonner showed (1949 a) that DNP was a powerful 
inhibitor of the growth of Avena coleoptiles, while it increased the respiration 
rate. The effect was influenced by pH. 3.5 mg/l gave 50 °/o inhibition of 
growth at pH 4.5, while at pH 6.5 17 mg/l were required to produce the 
same degree of inhibition. All experimental facts found in the present study 
support the view that the undissociated acid is absorbed more rapidly than 
the anions. The different effects of the nitrophenols tested may be explained 
on the basis of their respective rates of penetration into the root. The dinitro- 
phenols (2,4- and 2,5-) are the most active substances and they are also 
absorbed most rapidly. In the case of picric acid, relatively high concen- 
trations are necessary and this is probably due to the fact that picric acid is 
a rather strong acid and that the concentration of undissociated molecules 
is low. As for the monosubstituted nitrophenols, which are all less active 
than the dinitrophenols the low rate of absorption is due to the molecular 
configuration rather, than to high dissociation. 

There are numerous data showing that the phytohormones and related 
substances profoundly interfere with carbohydrate metabolism of plants. The 
effect of DNP seems to be intimately connected with its action upon the sugar 
uptake in the wheat root. The uptake of glucose was greatly inhibited and at 
all pH values used the concentrations of DNP giving a restricted glucose 
absorption were the same as those which produced an increase in respira- 
tion. In the experiments on oxygen uptake no sugar was added to the solu- 
tions but it is most probable that the normal metabolism and transport of 
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sugars within the root is disturbed by the same concentrations that inhibit 
absorption. DNP has been shown to stop phosphorylation processes (for the 
latest and most evident demonstrations see Loomis & Lipmann 1948, Cross 
& al. 1949) and also sodium azide has the same effect (Spiegelmann & al. 
1946). Both these substances stop a large fraction of glucose uptake without 
inhibiting respiration. Only DNP gives a stimulation of respiration however. 
Both the extra oxygen uptake induced by glucose and by DNP are totally 
inhibited by sodium azide in concentrations that only slightly diminish the 
normal respiration of wheat. Just as in sea urchin eggs (see Krahl & Clowes 
1940), the DNP-induced respiration thus is mediated by some heavy metal 
enzyme. 

An explanation of the stimulatory effect of DNP upon respiration which 
is in good agreement with the experimental facts is that destruction of some 
cell structures leads to increased contact between some respiratory substrate 
and an enzyme system normally not working with full efficiency. It is known 
that many organs normally contain both enzymes and the appropriate 
substrates but that in spite of this no reaction occurs. Other explanations 
are, of course, possible also but in any case it is likely that the nitrophenols 
have some general effect upon the cells and that their action does not imply 
an effect on some special respiratory enzyme. The similar stimulatory 
action on a great many different organisms supports this view. Perhaps the 
explanation of their general effect is to be found in their action upon 
phosphorylation. The phosphorus metabolism has a central position in cell 
metabolism and this seems to be common to most cells. The attack on 
phosphorylation may very well lead to a destruction of the normal spatial 
arrangement in the cell. These changes would, inturn, produce i.a. inhibition 
of growth and of sugar transport while respiration is increased. Clowes & 
Krahl (1936) and Krahl & Clowes (1936) in investigations with sea urchin 
eggs found that oxygen consumption was stimulated and cell divisions 
blocked by a great many nifro- and halogen-substituted phenols in low con- 
centrations. They also found that methylene blue and neutral red gave the 
same effect. Later on it has been shown that both nitro- and halogen- 
substituted phenols (see Cross et al. 1949) and methylene blue (see Judah 
& Williams-Ashman 1949) stop phosphorylation. The nitrophenols have also 
been shown to cause irregularities in the nucleus. Levan & Tjio (1948) obser- 
ved that chromosome fragmentation was induced in Allium roots. 

The fact that the glucose uptake is inhibited by lower DNP concentrations 
than the oxygen consumption does not prove that the mechanism of glucose 
absorption (and the system giving the extra respiration) is situated in the 
root surface. Were this so; the concentration necessary to produce an 
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inhibitory effect would not be so sensitive to variations in pH and to different 
degrees of absorption of the inhibitor. It may, however, be suggested that 
the mechanism is located within the root, in a position where it is unprotected 
and therefore easily accesable to the inhibitor (cf. Lundegardh & Burström 
1944). 

Sodium azide has no positive effect upon oxygen consumption in wheat 
roots. This may appear confusing, as this substance, just as DNP, stops 
phosphorylation and also increases oxygen consumption in mature carrot 
leaves. As sodium azide in wheat roots stops the extra respiration induced 
by DNP (probably by combining with a heavy metal) it is most improbable 
that it should itself have the power of inducing a similar respiration. In 
young carrot leaves the effects of DNP and sodium azide upon oxygen 
consumption are the same as in wheat roots. It is likely that the increase 
in both cases is due to disturbed carbohydrate metabolism. The different 
effect of sodium azide upon different organs need not necessarily imply 
that different enzymes are active. It is also possible to explain the difference 
by assuming that the two mechanisms (sugar transporting and respiratory) 
in fullgrown carrot leaves are situated so that azide only affects the sugar 
transporting mechanism, but that in young carrot leaves both mechanisms 
are affected. 

Glucose uptake is also inhibited by sodium diethyldithiocarbamate in 
concentrations without greater effect upon oxygen consumption. It is thus 
possible that DNP affects one part of the sugar absorbing mechanism (not 
a heavy metal) and sodium azide and diethyldithiocarbamate another (some 
heavy metal). Sodium diethyldithiocarbamate is often used as a specific 
copper inhibitor and also sodium azide forms complexes with copper. Albert 
& Gledhill (1947), however, who investigated the chelating effect of various 
inhibitors under physiological conditions (water solutions, pH 7) found that 
sodium diethyldithiocarbamate forms complexes also with several other 
metals (i.a. Zn, Mg, and Fe*?). Some experiments (see tables 5 and 10) 
with o-phenanthroline (which is a specific iron inhibitor; see Albert & 
Gledhill) indicate that iron is not the metal affected in the effect upon 
glucose and oxygen consumption. More experimental evidence is, however, 
necessary before any definite conclusions can be drawn. In sea urchin eggs 
Krahl & Clowes (1940) showed that the extra respiration is mediated by an 
iron enzyme. If the action of DNP is the rather general effect mentioned 
above it is not astonishing that different enzymes can be involved in the 
stimulation in different organs. 
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Summary 


The effect of 2,4-dinitrophenol (DNP) and some other physiologically 
active substances upon oxygen consumption and glucose absorption in 
wheat roots has been studied. 

DNP in low concentrations increases O, consumption, while higher con- 
centrations inhibit it. The absorption of glucose in the concentrations of 
DNP giving an increased O, uptake is less than in the controls without DNP. 
The concentrations of DNP inhibiting O, uptake cause an exudation of 
reducing groups exceeding the absorption of glucose. 

The action of DNP is sensitive to pH. In neutral solutions higher con- 
centrations than in acid solutions are necessary to give the effects. 

By spectrophotometric estimations the uptake of DNP was shown to be 
more rapid in acid solutions. The stronger effect of DNP in acid solutions 
seems to be due to more rapid absorption of the undissociated acid. 

Other nitrophenols (including the weed killer preparation Stirpan) were 
tested. They affected O, uptake in the following order (pH 4.5); Stirpan> 
2,5-dinitrophenol > p-nitrophenol > picric acid > m-nitrophenol > o-nitrophe- 
nol. There is a parallelism between the rates of uptake and the action upon 
wheat roots. 

The extra respiration caused by DNP is inhibited by NaN, but not by 
o-phenanthroline, which indicates that another metal than Fe is active. 

The effect of DNP seems to be a general one and not some effect upon a 
specific enzyme. It is suggested that DNP by affecting phosphorylation 
removes some barrier and brings enzymes and substrates that are normally 
separated into contact with each other. 

2,4-dichlorophenoxyacetic acid (c. 10? M) and indole-3-acetic acid (c. 
10—* M) both inhibit O, consumption at pH 4.6 but increase it at pH 7. After 
c. two hours the positive affect at pH 7 becomes more distinct and at pH 4.6 
the inhibition decreases. 2,4-D methyl ester (being undissociated) inhibits 
also at pH 7. 

2,4-D and indole-3-acetic acid in the concentrations mentioned above both 
slightly (20—30 °/o) inhibit glucose absorption at pH 7. 


This work was supported by a grant from »Statens Naturvetenskapliga Forsk- 
ningsrad», Stockholm. 
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A study of the literature on cultures of isolated roots reveals that some 
species show very good growth whereas others do not grow at all. It appears 
from White’s (22) survey of cultures of roots from dicotyledonous plants 
that only 9 species out of 31 maintained their vitality after a culture period 
of 40 weeks. It is well known that tomato roots are particularily easy to 
cultivate. As concerns monocotyledonous plants experiments were made 
with corn and wheat, but all efforts to obtain unlimited growth with these 
roots have been in vain. This has also been the case up until now with the 
investigations on roots of barley and oats made by the author. 

It is easily found from an examination of pictures of isolated roots that 
these are often abnormal in comparison with roots connected to the plant. 
Furthermore there is a great heterogeneity in the cultivated material; cf. 
Delarge (6). In most cases it is impossible to understand how the cultivated 
root tips have really reacted, since photomicrographs and anatomical descrip- 
tions are lacking. The reasons for the cessation of the root growth are seldom 
investigated and obviously abnormal roots are described. 

The growth of a root tip depends on two distinctly separable phases, 
viz., the cell divisions of the meristem and the elongation of the formed cells. 
Consequently cell divisions of the meristem must precede a continuous growth, 
as the elongation of cells is limited. The roots, which in isolated condition 
grow continuously, soon show a diminishing rate in the cell divisions of the 
meristem. Thus, if the growth is to be maintained, a subculturing must be 
performed by transferring a root tip, often a tip of a rapidly growing lateral 
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root, to a new nutrient solution. The intervals of such transfers depend upon 
the species in question and, among other things, such external factors as 
temperature (Gautheret 10). 

This paper contains the first results of a series of investigations performed 
with the aim of elucidating the histological and physiological causes of the 
inability of excised roots of monocotyledonous plants to grow unlimitedly. 
Judging from the available data in the literature there seems to be a general 
difference between dicotyledons and monocotyledons in this respect. 


Methods 


The experimental material was roots of barley (Weibull’s »Herta») and 
oats (Weibull’s »Bambu»). The barley seeds were pretreated by soaking in 
a 0.1 per cent sublimate-formaldehyde solution. Both barley and oats were 
sterilized by 12 hours’ treatment with a solution of calcium hypochlorite 
containing 1.25 per cent chlorine (made by dissolving 40 gm. calcium 
hypochlorite » Baker» in one liter of water and filtering the solution). Neither 
treatment with bromine water nor with a solution of hydroxylamine was 
able to produce sterility. It was very difficult to make the hairy grains of oats 
aseptic. After the treatment with calcium hypochlorite the grains were washed 
twice with sterile water and then germinated in sterile Petri dishes on 
moistened filter-paper. The method used by Gautheret (10), without washing 
after the treatment with calcium hypochlorite, gave an abnormal growth of 
the roots. The grains were germinated in dark thermostats at 20° C. The 
growing roots attained a length of 20 to 30 mm. after 3 days. They were 
excised and transferred to sterile nutrient solutions. The culture vessels were 
Erlenmeyer flasks of Pyrex or Jena glass, with a volume 100 to 125 ml, 
Usually the flasks were inoculated with 4 root tips, and every experiment 
was repeated in 5 parallel cultures. The volume of the nutrient solution 
amounted to 15 or in some experiments to 20 ml. The cultures were placed in 
dark thermostats at 20° C and generally the experimental period was 10 days. 
At the end of this time the total lengths of the roots were recorded and used 
as a measure of the growth. The roots were further subjected to a micro- 
scopical examination. 

The preliminary culture experiments already showed that the increase in 
length of the roots of both species was insignificant in the nutrient solutions 
generally used for isolated roots. As a rule there was no growth at all. The 
following solutions have been tried and proved to be unsatisfactory: the solu- 
tion of Uspenski, used by White (20), the modification of this solution, used 
by White (21) on tomato and by Fiedler (9) on corn, Robbins’ and White's 
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a b 


Fig. 1. Representative excised roots grown for 10 days in darkness at 20°C. a. barley, 
b. oats. Natural size. Note the lateral roots of barley and the fine, tapering ends of the 
elongated root parts. 


solution (16) for corn, Knops solution, modified by Gautheret (10), White’s 
solution from 1943 (23) and, finally, the solution by Glasstone (11). 

Hitherto, the best results have been obtained with the nutrient solution 
used by Burstrôm (3) on isolated roots of wheat. This solution, therefore, 
was used as the basic medium in most experiments with the following modi- 
fication: KNO, 0.2, KH,PO, 0.3, Ca(NO,), 0.4, MgSO, 0.2 mmol per litre, 
Fe,(SO,); 1, MnCl, 1, ZnSO,, KI, H,BO,, Am-molybdate 0.02 mg per litre. 
All the chemicals except Fe, (SO,), were of c. p. grade or analytical reagents. 
0.05 mol glucose per litre (Kebo, puriss. or Pfanstiehl) was added as the 
source of carbohydrate. The standard addition of vitamins was: nicotinic 
acid 0.5, thiamin (Merck) 0.1, and pyridoxine 0.5 mg. per litre. 

The nutrient solutions were autoclaved at 110° C for 20 minutes. 


Results 


As already mentioned, roots cultivated in vitro very often grow remarkably 
irregularly. This was observed also in the present investigation. On examin- 
ing the material, however, two types of roots could be distinguished. 

1. Roots, which elongated poorly during the whole period of cultivation 
and were richly furnished with lateral roots. The root hair zone extended 
up to the meristem. The meristems of these roots seemed to have died already 
in an early stage of elongation and the protoplasm had coagulated. Such 
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Fig. 2. The lengths of excised roots of barley and oats cultivated in darkness at 20° C. 
The abscissa represents time in days and the ordinate root length in mm. a. barley, b. oats. 


roots usually appeared when the solution was very unsatisfactory, not even 
allowing an elongation of the cells already present. Older parts were not 
killed, however. It was difficult, nevertheless, to define exactly under what 
conditions this type of growth occurred. Burström (4) also observed on 
wheat roots that the inhibited apical growth seemed to induce more rapid 
branching, and Slankis (19) has apparently obtained similar results by cul- 
tivating roots of Pinus silvestris. He found that the primary isolated root 
meristem developed into a club-like formation and ceased to grow, while 
lateral roots of the first order appeared. 

In this connection it should be noted that the method, used by many 
authors, evaluating the root growth by counting the lateral roots seems to be 
based on the erroneous assumption that a large number of laterals indicates 
favourable growing conditions, whereas it in most cases actually is connected 
with an inhibition of the elongation of the main root. 

2. Roots, which elongated comparatively well and had only few lateral 
roots. The oat roots of this type had in most cases no laterals, while 2 to 3 
appeared (Fig. 1) on barley. Fig. 2 illustrates the main behaviour of roots 


Table 1. The diameters (measured 0.2 mm. above the proximal part of the meristem) 
and the meristem lengths in mm. of excised roots of barley and oats of different ages. 
Cultures in darkness at 20° C. 


Time in Barley Oats 
poss Root diameter Meristem length Root diameter Meristem length 
0 0.50 1.08 0.53 1.18 
4 0.37 0.48 0.35 0.40 
| 8 0.28 0.26 0.32 0.35 
12 0.28 0.11 0.30 0.34 
16 0.22 0 0.30 0.25 
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Fig. 3. The meristem lengths of excised roots of barley and oats grown in darkness at 
20° C. The abscissa represents time in days and the ordinate root length in mm. a. barley, 
b. oats. 


of this kind. The entire elongation took place during the first 10 days after 
excising the root and transferring it to the nutrient solution. The average 
increases in length amounted to about 1.5 mm. for barley and 2 mm. for 
oats. The elongation usually ceased when a length of 30 to 35 mm. had been 
attained, but in some cases lengths of 50 to 80 mm. could be reached. 
Experiments with subculturing 10 day old roots in new media gave no notice- 
able increases in length. Thus, the inhibition of the elongation does not 
simply depend upon the consumption of any one of the nutrients. As Fig. 1 
shows, the fully elongated roots had extremely fine, tapering ends and the 
youngest parts more or less transparent. This appearance is often found in 
pictures of isolated roots, e. g., the pea roots by Addicott (1). The properties 
of root meristems of different ages are presented in Table 1 and Fig. 3. The 
length of the apical meristem decreased with increasing age of the root. 
At the end of the growing period, in this case 16 days, there were no meristem 
cells at all in the barley roots. In the oat roots, however, there was still a 
residue of the original meristem, but the cells were vacuolated and had begun 
to elongate slightly. These findings are well demonstrated by the photo- 
micrographs (Fig. 4 and 5). 

In this type of root growth the diameters of the roots diminished (Table 
1). The decrease occurred in the entire part of the root which had been for- 
med after the isolation, and particularly the stele which was composed of 
only a few rows of cells. The cortex, however, was relatively little affected. 


STUDIES ON THE GROWTH OF ISOLATED ROOTS OF BARLEY AND OATS 377 


> 


a b c d 


Fig. 4. Excised root tips of barley cultivated in darkness at 20° C. a: at the start, b: after 
4 days, c: after 10 days and d: after 17 days of culture. Enl. a 11 X, b—d 27 X. 


a b c d 


Fig. 5. Excised root tips of oats cultivated in darkness at 20° C. a: at the start, b: after 
4 days, c: after 10 days and d: after 17 days of culture. Enl. a 11 X, b—d 27 X. 


The weak development of the stele caused the roots to be very brittle and 
little resistant to mechanical injuries. 

The elongated oat roots differed from the barley roots in that the roat hair 
zone of the former extended up to the root cap (Fig. 5b, c and d), but in 
other respects the two types of roots showed great conformity. 

It is clearly shown by the photomicrographs, (Fig. 4 and 5) that inhibi- 
tion of the cell divisions did not prevent the histological differentiation of the 
cells. In Fig. 4 and 5d the dark, central stele can be followed up to the 
immediate vicinity of the meristem residue. This observation supports the 
conclusion that there is no general deficiency of nutrients in the excised roots 
but that their inability of infinite growth is caused by the lack of some factor 
particularly regulating the meristematic activity. 

From the above it appears that the growth of the roots of both barley and 
oats must be caused by the elongation of the cells of the original apical 
meristem, as the new formation of cells was inconsiderable. There is reason 
for assuming that such has been the case in the instances recorded in the 
literature in which the isolated root at first shows a growth later gradually 
diminishing and ceasing. Addicott (1) has assumed similiar conditions in his 
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Table 2. The increases in length of excised roots of barley and oats grown for 10 days 
at 20° C in different light intensities. 


Er À 


Increases in mm. 
Light 
Barley | Oats 
Darknessen... 2.2020: anne ee een Pc. 21.2 | 24.5 
Incandescent lamp of 100 watts at 2 m distance 12.5 | 1251 
4 daylight fluorescent tubes each of 20 watts ...... 14.5 10.0 


cultures of pea roots, where he found a diminishing root Fonte in con- 
nection with decreasing length of the meristem. 

In those cases where the composition of the nurient medium did not allow 
an elongation of the cells no increase in length could be observed. 
= Consequently the problem was to determine the reasons for the fajling 
cell divisions in the root meristems. Towards this end, experiments have been 
carried out along three lines, namely by varying 1) the climatic conditions, 
2) the additions of mineral nutrients, and 3) the organic substances of the 
nutrient medium. 


Climatic conditions 


The culture temperature was varied between 10 to 30° C. There were no 
great differences, but the best results were reached at 20°. No difference in 
meristematic activity could be observed. 

By experimenting with variation in light it was found that both the best 
growth and the most uniform roots were obtained in the dark. This result 
is at variance with the observation by White (23). In darkness the roots be- 
came straight and had relatively few branches. Light from a weak incan- 
descent lamp, as well as from a daylight fluorescent tube, produced shorter 
roots (Table 2). Roots grown in the light were also curved and had an in- 
creased number of lateral roots. Light of different colours, as e.g., red, yellow 
(sodium lamp) and ultra violet (mercury lamp) were all inferior to darkness. 


Mineral nutrients 


By investigating the problem of the effect of different mineral nutrients 
attention was at first paid to the distilled water. In the literature water 
redistilled in Pyrex glass is always recommended. In the first experimental 
series distilled water, freed from heavy metals by passing through a column 
of Amberlite.cation exchanger (analytical IR-100) was usually employed. It 
was free from heavy metals according to the usual dithizon test. Later how- 
ever only water distilled in Pyrex glass was used. No difference could be 
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observed. Thus, the relatively small growth, obtained in the first series of 
experiments must have been caused by an unsuitable composition of the 
nutrient solutions. 

Manganese, zinc, and molybdenum were added to the hasic solution. Of 
these substances only manganese was varied from 0.1 to 100 mg. per litre, 
but without effect. 

The following iron salts were used: ferric sulphate, ferric chloride, and 
iron citrate. The best results were obtained with ferric sulphate. The citrate 
had a toxic effect, so the increase in length became very minute. It should 
be mentioned that in these experiments of short duration the same growth 
resulted when the ferric sulphate was omitted as when 1 mg per litre 
was added. 

The nitrogen source of the basic solution was nitrate. When nitrate was 
replaced by ammonium as ammonium chloride in one experiment the roots 
did not elongate at all. Excised roots of wheat are known from previous 
investigations to assimilate nitrate readily, but likewise without infinite 
growth. 

The culture vessels generally contained 15 ml. nutrient solution forming 
a layer on the bottom about 10 mm. deep. Since the flasks, furthermore, were 
shaken every second day, there was presumably sufficient oxygen to satisfy 
the requirement of the roots. A richer supply of oxygen, obtained by pas- 
sing sterile air through the flasks, did not alter the results whatsoever. 

The pH-value of the medium employed varied between 4.5 and 4.6 and 
the phosphate concentration was 0.2 mmol per litre. Such a concentration 
did not maintain a constant hydrogen ion concentration during the experi- 
mental period of 10 days, but there was a general increase in the pH-value 
of about 2 units in the barley cultures and a somewhat smaller rise in 
those with oats. Consequently, the phosphate concentration had to be in- 
creased, but, on the other hand, there was a risk’ of thereby disturbing both 
the division and elongation of cells, e.g., by precipitation of iron. Experiments 
with varying concentrations of KH,PO, from 2.10—° to 2.10—* mol per litre 
showed that the growth of the roots decreased at 2.10—? mol and ceased 
completely at higher concentrations, as the roots tips died. Thus, it was 
impossible to maintain a constant hydrogen ion concentration during the 
entire experimental period without at the same time strongly reducing the 
growth. 

The following experiments were carried out in order to determine the 
optimal pH-value for root elongation. Five ml. 1/250 mol phosphate buffer 
solution, obtained by mixing solutions of Na,PO, and H,PO,, were added 
to flasks containing 15 ml. of the basic solution. Thus, the nutrient solution 
had a phosphate concentration of approximately 0.001 mol. The buffer solu- 
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3 4 5 6 7 pH 


Fig. 6. The lengths of excised roots of barley and oats grown for 10 days in darkness ai 
20° C at different pH values. The abscissa represents initial pH and the ordinate root 
length in mm. a. barley, b. oats. 


tions were autoclaved separately and added to the basic solution immediately 
before the inoculation. The graphs in Fig. 6 show the root lengths in relation 
to the initial pH-values. The optimal hydrogen ion concentration for both oat 
and barley roots is found around pH 5. There is no great difference, and both 
species prefer a slightly acid reaction. The optimum range of oats, however, 
seems to be narrower than that of barley. At pH 3 all cell elongation ceased 
and at supraoptimal pH it decreased and the roots were brownish coloured. 
The meristematic activity seemed to be unaffected by variations of the hydro- 
gen ion concentration and the results obtained depended upon changes in the 
elongation. Naturally at extremely low and high pH-values the meristem cells 
soon died. 


Organic compounds 


It would be of interest to ascertain how the initial length of the root tip 
affected the length of the elongated root. For this reason 3 series experiments 
were started with root tips of the initial lengths of 5, 10 and 20 mm. respee- 
tively. It appeared (Table 3) that after 10 days the difference in growth 
between tips with initial lengths of 5 and 10 mm. was very small. The dif- 
ference between the tips of initially 10 and 20 mm. was about as great as at 
the beginning of the experiments. Thus the whole increase in length depended 
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Table 3. The final lengths in mm. of excised roots of barley and oats of different initial 
lengths, cultivated for 10 days in darkness at 20° C. 


Initial root Final root length 
l 

ength Barley | Ga 

5 35 | 36 

10 | 39 36 

20 53 aye 


upon elongation of the meristematic cells. A greater number of lateral roots, 
however, had developed from the longer roots. If the cell divisions had been 
activated by a substance present in the root tip one might expect a greater 
amount of this substance in a longer root tip than in a shorter one. Thus 
the longer root tip should to have a greater activity of cell divisions than the 
shorter one, but this does not seem to be the case. 

In most investigations of this type, at least those of earlier date, an addition 
of yeast extract always produced an increase in growth. All such additions 
to the roots of barley and oats, however, have failed to promote the growth. 
Many yeast extracts have been tested, such as »Difco», »Cenovis», and usual 
dry yeast preparations. Further experiments were made with the fractions 
of extracts of baker’s yeast, described by Quispel (13), but without any posi- 
tive results. 

In this connection it may be mentioned that the addition of extracts of 
malt, Liebig’s meat extract, and soil extract in different concentrations has 
also been without effect. 

Glucose in a concentration of 0.05 mol was used throughout as the carbo- 
hydrate source. When the roots failed to grow in this solution experiments 
were made with glucose as well as sucrose in varied concentrations. The 
longest roots, however, were obtained in 0.05 mol glucose, and this held 
true for both barley and oats. Increased sugar concentration gave smaller 
root growth and in a solution devoid of sugar the roots soon died. Sucrose, 
which is generally used for dicotyledonous roots and has been found by 
Slankis (18) to be more favourable to Pinus roots than glucose, gave less 
growth with both barley and oats (Fig. 7). Slankis also found by comparing 
the growth in solutions of glucose and sucrose of different concentrations 
that the best results were obtained in equi-molar solutions. This fact was also 
applicable to barley roots but oats showed optimal growth in 0.2 mol sucrose 
per litre. This explains the results of some preliminary investigations, in 
which the oat roots did not seem to grow at all in a. sucrose concentration 
of 0.05 mol. Burstrém (3) found the optimal growth of wheat roots in 1/30 
mol glucose and (4) a very slight increase in sucrose. 
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0,1 0.2 0,3 0,4 0,5 mol 


Fig. 7. The lengths of excised roots of barley and oats cultivated for 10 days in darkness 

at 20° C in glucose and sucrose of different concentrations. The abscissa represents sugar 

concentration in mol and the ordinate root length in mm. a. barley in glucose, b. barley 
in sucrose, c. oats in glucose, d. oats in sucrose. 


The analyses of the consumption of glucose made up until now (Table 4) 
show that this depends upon the general state of the roots. Thus, if the roots 
for some reason were growing badly there was a very small consumption. 
There was some consumption in all cases, however, and sugar may be con- 
sumed even if there is no growth. An inability of the roots to absorb or utilize 
sugars thus cannot explain the lacking activity of the meristems. 

Burström (4), investigating the effect of different sugars on the growth 
of some. isolated roots, found a smaller growth of the wheat roots in sucrose, 
but corn roots grow as well in sucrose as in glucose. Sucrose had a specific 
inhibiting effect on the cell divisions in the roots. It seems as if different roots 
have very specific demands as to the carbohydrate source. Dormer and Street 
(7) observed that tomato roots ceased to grow in a glucose solution, although 
glucose was still present. In a sucrose solution, however, they did not stop 
growing until all the sugar was consumed. 

Experiments in replacing glucose by hexose diphosphate, both prepared in 
the laboratory and obtained by purification of »glukofos» (the calcium salt 
of hexose diphosphoric acid, Astra) only caused the death of the roots. The 
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Table 4. The consumption of glucose in mmol per 20 excised roots of barley and oats 
in darkness at 20°C. The final root lengths are given in mm.; the initial concentration 
of glucose was 1/50 mol. 
eee 


Time in Barley Oats 
days Glucose mmol | Root length mm. | Glucose mmol | Root length mm. 
5 0.0052 22.9 0.0030 | 22.6 
10 0.0154 32.3 0.0068 22.3 
15 0.0172 35.9 0.0034 21.1 


compound was at least partly destroyed by autoclaving and the solution 
became brownish coloured. 

Fiedler (9) found that an addition of 0.5 per cent agar to the nutrient 
solution increased the growth of corn roots. The roots were placed on the 
surface of the nutrient agar and after about 2 days the root tip grew down 
into it. The roots of barley and oats, however, did not behave in this manner, 
but remained on the surface where they soon dried. The roots did not show 
any tendency to grow, even when they were placed into slits in the agar. 

It might be suggested that the cessation in meristematic activity was caused 
by a lack of vitamins or auxins. White, among others, has obtained con- 
vincing results with reference to the former on root cultures, and Gautheret 
on tissue cultures with reference to the latter. Variations of the concentrations 
of nicotinic acid, thiamin, and pyridoxine, however, were unable to improve 
the growth. It was quite inhibited at such high concentrations as 0.1 to 1 mg. 
per litre. Addicott (1) noticed that lack of thiamin caused a decreased rate of 
cell divisions in pea roots in vitro, and Robbins and Bartley (14) established 
that this substance was necessary for the continous growth of tomato roots. 
Bonner (2) showed that an isolated pea root after growing for 2 weeks had 
consumed its supply of thiamin, and only after this time did an addition 
have any effect on the cell divisions. It is obvious, however, that thiamin 
has no such effect on the roots in the present investigations. 

Choline chloride, used by Slankis (18) in cultures of Pimus-roots did not 
influence the root growth in concentrations from 0.1 to 100 mg. per litre and 
the same holds true for biotin (Merck, Rahway, N. J.) in concentrations from 
1 to 10000 my per litre. 

Auxins, which were found by Geiger-Huber (12) to affect the growth of 
isolated corn roots and by Duhamet (8) isolated Lupinus roots, did not 
influence the types of roots cultivated here either. This applies to indole as 
well as to naphthyl acetic acid in concentrations from 10—** to 10—*? mol 
per litre. The solutions were autoclaved in the same manner as the solutions 
used by Gautheret, who found a pronounced effect of the auxins on tissue 
cultures. The investigations of Geiger-Huber and Duhamet differed to a 
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certain degree from the present one. Both corn and lupin have considerably 
more vigorous roots and naturally the meristems were able to give rise to 
longer roots only by elongation of cells already present. It is possible that 
the growth was caused by such an elongation and the authors have not 
cultured the roots unlimitedly. Since auxins affect the elongation of cells, the 
root growth naturally was noticebly varied by different auxin supply. 

Pantothenic acid and inositol, both substances found to stimulate the growth 
of yeast (Robbins and Schmidt, 15), were also tested. Inositol (»Kebo») was 
without any effect in concentrations of 1 to 1000 mg. per litre, while panto- 
thenic acid (calcium salt, Hoffmann—La Roche) in a concentration of 100 
mg. per litre killed the roots and was ineffective in smaller quantities. 

Some investigations were made with the amino acids, glycine, aspartic 
acid (»Kebo»), and cysteine hydrochloride (Merck, Darmstadt), all in con- 
centrations of 0.1 to 100 mg. per litre. A lower amount had no visible effect, 
but with 100 mg. the roots died. 

In connection with Burström’s studies (5) of the action of n-diamylacetic 
acid on intact and isolated wheat roots, the author made some experiments 
on its effects on barley and oat roots. The additions were varied between 
10—8 and 10% mol per litre. In the highest concentration there was no 
elongation and at 10-* it was strongly diminished. The epidermal cells 
showed the phenomena observed by Burstrôm on wheat roots. In still smal- 
ler concentrations no results were obtained. 


Discussion 


It is evident from the facts presented above, that it has been impossible 
to obtain unlimited growth of roots of both barley and oats cultivated excised 
in vitro. The observed increase in length was caused by elongation of the 
cells of the original meristems, existing at the inoculation. Additions and 
variations of the concentrations of vitamins and other growth substances 
were without effect on the cell divisions in the meristem, although the same 
substances have been found very active on isolated roots of dicotyledonous 
plants. As far as the author is aware, it has not yet been possible to grow roots 
of any monocotyledonous plant isolated in vitro. It should to be mentioned, 
however, that even roots of closely related dicotyledons can react very dif- 
ferently. Thus White (22) failed in his experiments of cultivating roots of 
Solanum melongena and S. tuberosum in spite of wide variations of the 
nature of the media, pH, supply of sugars and vitamin B,, and the light 
conditions. Different species of roots, thus have very specific requirements 
when cultivated isolated in vitro. 
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Table 5. The lengths in mm. of excised roots of barley and oats after growing in different 
kinds of light for 10 days at 20° C with and without coleoptile tips in the nutrient medium. 


a n 


Barley Oats 
Light With | Without With | Without 
coleoptiles coleoptiles 
MATKN ESS Me eee cesse ere ecer ter 21.6 | 21.5 18.5 | 38.0 
Sodiumaplight es eee 18.5 21.7 21.0 — 
Incandescent lamp 5. er. 19.2 17.3 15.0 | 21.0 


The results of the present investigation show that the cessation of the 
growth does not depend upon climatic factors, inorganic nutrients, or the 
generally applied organic substances. The growth of the roots ceases almost 
instantaneously if a root is cut off from its connection with the leaves or 
the grain. It seems justified, therefore, to assume that it is a matter of some 
unknown substance, which is formed in the leaves and is indispensable for 
the root growth. The investigation has further shown that this substance is 
not identical with any one of the organic or inorganic growth factors studied 
on plant tissues or organs. The histological observations on the roots indicate 
that this hypothetical substance especially regulates the cell divisions of the 
meristem, while both cell elongation and tissue differentiation may proceed 
although the divisions have ceased. Experiments with isolating the substance 
have not been successful. Autoclaved juice pressed from germinating grains 
and assimilating leaves has been tested without result, but further experi- 
ments are in progress. 

Some experiments were made by adding excised, sterile coleoptile tips 
to the media with the isolated roots. The cultures were subsequently exposed 
to light of different qualities, but no positive effects were obtained (Table 5). 
Robbins and White (17) have made a similar experiment by placing coleoptile 
tips on the nutrient agar with isolated corn roots. The root growth, however, 
was less than in the control culture without coleoptile tips. The results must 
be due to the production of auxins in the coleoptile, retarding the elongation 
of the roots. 

Plants of barley and oats without endosperm, cultivated under sterile con- 
ditions in Erlenmeyer flasks in complete nutrient solutions, showed a very 
slow root growth in darkness as compared with that in light. Analyses of 
nitrate and glucose showed that both substances were absorbed in the dark, 
which is also the case with excised roots. Thus, it is obvious that neither 
carbohydrate nor nitrogen deficiency can be the main cause of the lacking 


meristematic activity. 
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All the results discussed here indicate that in light substances are syn- 
thesized in the leaves which are nessecery for the growth, notably the cell 
divisions of roots of monocotyledonous plants. These products, however, are 
not identical with the growth factors hitherto known. 


Summary 


Excised roots of barley and oats have been cultivated in sterile, liquid 
media. The culture methods are described. There was no increase in root 
length or only a slight one in the media generally used for culturing roots of 
dicotyledonous plants. It has hitherto been impossible to obtain unlimited 
growth of both species of roots. 

The behaviour of the excised roots has been followed by a microscopical 
study. The cell divisions in the meristem cease and the increase in length is 
caused by the elongation of the original meristem cells. In spite of the lack 
of cell divisions there is a histological differentiation of the tissue. 

Attempts have been made to find the cause of the lack of meristematic 
activity, and attention has been paid to the following factors: 

a. Climatic conditions: temperature and light. 

b. Inorganic factors: purity of the distilled water, heavy metals, iron salts, 
nitrogen compounds, aeration, phosphate concentration and hydrogen 
ion concentration. 

c. Organic factors: the length of the inoculated root tip, different yeast 
extracts, malt, meat, and soil extracts, sugars, agar, vitamins, choline 
shloride, biotin, auxins, pantothenic acid, inositol, some amino acids, 
n-diamylacetic acid, and excised coleoptiles in the nutrient solution. 

In no cases were effects on the cell divisions in the meristem noted. This 
process seems to be activated by some unknown factor, probably formed in 
the leaves. 

Further studies are in progress. 
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1. Introduction and description of methods 


The intensity of the salt absorption of a tissue is usually calculated either 
from the increase of the studied element in the organ or from the correspond- 
ing decrease in the concentration of the solution during a certain time period. 
The latter method is preferable if the decrease in the concentration is suf- 
ficiently large in comparison to the mean error of the analysis. One com- 
mon drawback of all such experiments is the fact that the real time course 
of the absorption is unknown. Only under favourable conditions of oxygen 
supply can roots or other organs be enclosed in so small a quantity of a salt 
solution that a significant drop in the concentration appears in 10 minutes 
(see 5; p. 378). The following device enables the determination of the ion 
absorption even in time periods under 10 minutes (see fig. 1). 

A small bundle of roots, cut to a length of approximately 60 mm., is 
suspended in two rings or loops of thick platinum wire fixed in a large 
rubber stopper at a distance of approximately 40 mm. The rings are turned 
so that the bundle does not slide off if held in a vertical position. A few 
drops of the salt solution from a micro-pipette (approximately 0.05—0.10 ml.) 
are poured on the root bundle. A glass beaker (see fig. 1) is turned over 
the stopper and the whole apparatus is rapidly transferred to a slowly 
rotating horizontal shaft. If the quantity of the added solution is appro- 
priately chosen no drops are lost during the rotation but the adhering 
solution flows up and down the bundle, thus affecting a vigorous circulation 
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Fig. 1. Apparatus for the determination of. the salt 
absorption from micro-quantities of solution (0.05 to 
0.10 ml.). Explanation in the text. 


and a good aeration. After a few minutes the roots are removed from the 
stand and rapidly rinsed in distilled water. The loss in concentration is a 
measure of the absorption. An advantage of this method is the fact that 
very high concentrations can be used because the total quantity is analyzed. 

Previous experiments in narrow test tubes (5) enabled the determination 
of the time course in intervals of 10 minutes. It was shown that the absorp- 
tion begins very soon after contact has been established between the roots 
and the solution. The velocity of the absorption is low in the beginning, but 
rises rapidly for 15 to 30 minutes. After about 35 minutes the absorption 
has attained an approximately constant speed which is maintained for the 
following 1 to 2 hours. 

Frequent chemical analyses of the medium involve a repeated change of 
the solution. This is a tedious procedure, which also disturbs the root func- 
tions, if the time course has to be followed for several hours. The conduc- 
tivity method has a great advantage in this respect, as a continuous recording 
can be made, but when used for quantitative purposes parallel chemical 
analyses must be carried out as controls. 

The decrease in the electrical conductivity of a solution of a completely 
dissociated salt has frequently been used for absorption experiments. The 
conductivity is usually determined after the removal of the living organisms 
from the solution. If the roots are not injured by the weak currents used 
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Fig. 2. Circulation vessel with electrodes. V root chamber, H cork holder, S glass rod, A inlet 
of the air stream, E electrodes of platinum net. The solution circulates in the direction 
of the arrows. 


and the current does not flow through the roots themselves the conductivity 
method can be arranged so as to record automatically. A suitable instru- 
ment for this purpose is the Speedomax (Leeds & Northrup); it works on 
an electronic basis and is independent of the resistance of the external 
circuit. The instrument used in the author’s laboratory measures 6 indepen- 
dent circuits in 24 seconds. This high speed is not utilized in experiments 
on ion absorption of roots. The Speedomax was, therefore, combined with 
an electric clockwork making contact every 6 minutes, each contact period 
lasting a little more than 24 seconds. 
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Fig. 3. Scheme of the coup- 
lings. E electrodes (see fig. 2), 
P adjustable rheostat, C contact 
clockwork, R double relay. 


The »Circulation vesséls», introduced by the author several years ago 
were used as containers for the roots (see fig. 2). The vessel holds 100 ml. 
solution, kept in vigorous circulation by means of an air stream which 
simultaneously aerates the liquid. The seedlings are cultivated in photo- 
thermostats and 1 to 3 days before the experiment are transferred from 
nutrient solution to distilled water (»low salt roots»). Fourteen plants are 
grown in a sterilized cork holder coated with paraffin wax. The holder is 
suspended by means of a glass rod (see fig. 2), an arrangement also serving 
for the suitable fixation of the roots at a certain height in relation to the 
surface of the solution. All results are calculated on the basis of the dry 
weight (105° C) and the roots are cut off just at the level of the surface of 
the solution. 

The Speedomax instrument measures only direct currents and its scale 
is graduated in 100 mv. Owing to the polarization of the electrodes a 
repeated closing of the current results in slowly declining readings. In order 
to overcome this the following arrangement was used. The contact clock- 
work has 2 rotating disks with cams working on contact springs (see fig. 
3 C), the whole functioning as a reversion kit in combination with a double 
relay (R). The current (24 v. trom a storage battery) thus flows a little 
more than 24 seconds in one direction and, after a short interval, exactly the 
same time in the opposite direction. After 6 minutes (see above) the opera- 
tion is repeated. The record is made by the instrument during one of the 
24-second periods. By means of this arrangement very constant records are 


attained. 
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The platinum electrodes were placed in the upper horizontal tube of the 
circulation vessel (fig. 2 E). No detrimental effects from the products of 
electrolysis were observed. The liberated Cl-molecules obviously combine 
very soon with the K-ions, before the products of electrolysis reach the 
roots in the circulation process. The actual current does not exceed 1 milli- 
ampere, if solutions of 0.0003 to 0.001 M KCI are used. Since the Speedomax 
had its maximum at 100 mv. the electrode gap E must be coupled in series 
with an adjustable rheostat R, roughly fixed at a value of 1/240 of the total 
resistance of the chain, the potential between the terminals being 24 volts. 
The potential difference between the endpoints of this resistance was re- 
corded, as shown in fig. 3. The recorded mv-values are approximately pro- 
portional to the conductivity (concentration) of the test solution in the 


electrode gap E, according to the relation mv= Re is here the 


ie 

R.+R 

resistance of the electrolytical gap E. Since R is only a small fraction of 
1 

Re+R it is justifiable for practical purposes to calculate with mv=—>¢ being 


the concentration of the test solution. In most experiments a concentration 
of 0.0005 M KCl was used. It gives a resistance Re of approximately 43,000 
ohms. For a nearly full scale deflection of the Speedomax the value of R 
(fig. 3) then ought to be approximately 180 ohms. If 50 per cent of the salt 
is absorbed R. rises to approximately 86,000 ohms. If the instrument gave 
a deflection of 100 mv. at the beginning of the experiment it will now show 
the value 50,127 mv. or only approximately 0.25 per cent higher than the 
calculated one, an error which is somewhat lower than the mean error of 
the recording instrument. Actually the error is larger, because the conduc- 
tivity of a diluted solution is seldom exactly proportional to the concen- 
tration, mainly because of variations in pH and the constant presence of 
carbonic acid. Control experiments with dilutions of standard solutions 
showed deviations up to 6 per cent (too high conductivity) at a dilution of 
50 per cent. In absorption experiments with roots in KCI solutions the pH 
invariably decreases to less than 5 (an average of 20 series gives the 
value 4.75), and consequently the dissociation of the carbonic acid (pK= 
approximately 6.6) is scarcely recognizable. This may be the explanation 
of the fact that the disagreement between the results of conductivity and 
of chemical analysis (see below) was frequently lower than 6 percent. In 
all series 5 circulation vessels were used for absorption, but the sixth vessel 
was left without plants, as a control of the constancy of the readings. 
Conductivity was generally used for the measure of the mean »salt» 
absorption only. At unequal absorption of anions and cations the conduc- 
tivity reflects the absorption of the slowest ion, e.g., of cations from KNO, 
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Table 1. Absorption of anions and cations from 10—4 to 10-3 M solutions of KCl. Aerated 
circulation vessels at 20°C. Length of the roots approximately 80 mm. Time 6 hours. 
Average of 20 series. 
SR EE eee 


Absorption ee a = 
Conductometrical Giraton Flame spectroscopy 
ENolse en | 21.9 | 23.8 | 23.1 


or anions from K,SO,. Large errors may arise from the formation of 
bicarbonate, if an excess of cations is left in the solution. If an excess of 
anions is left the increasing concentration of H-ions introduces other sources 
of errors, because the latter move faster than metallic cations and, further- 
more, because they induce an increased exudation of partly dissociated 
products (e.g., nucleotides; see 7) from the root surface. In the author’s 
opinion the conductivity method, therefore, requires careful control and 
should be used only in combination with salts of approximately equi-ionic 
absorption. The results must always be checked by chemical analyses. 

The following figures, computed as means from 20 series of experiments 
with concentrations of KCl varying from 10~* to 10—* M illustrate the uni- 
form- absorption of anions and cations and the relation between the 
conductometrical and the chemical analyses (table 1). 

The conductometrical values are approximately 5 per cent too low (=too 
high concentration recorded; see above) when referred to the absorbed 
potassium, and approximately 8 per cent too low when referred to chloride. 
Similar discrepancies were observed in all experiments (totalling approxi- 
mately 300 series). This is the total error after the completion of the time 
series. As the absorption in most series was continued until more than 50 
per cent of the salt had disappeared, the conductivity method is a useful 
tool for investigations of the time course of the absorption from solutions 
of potassium chloride. 

The results quoted in table 1 show that no appreciable interference occurs 
with exudation processes, if pure solutions of KCl are used. For a number 
of questions, e.g., the influence of respiratory inhibitors on the salt absorp- 
tion, the time course is of considerable interest and, hence, the possible inter- 
ference of exudation had to be elucidated. Experiments with inhibitors are 
mentioned elsewhere (4) but a few remarks as to the methods involved in 
the problem are added here. 

Inhibitors of the glycolysis, e.g., iodine acetic acid, fluoride, and 2,4- 
dinitrophenol, cause an abnormal increase in the conductivity of such 
magnitude that the simultaneously proceeding absorption of chloride is 
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Table 2. Absorption of KCI from 0.0005 M solutions in the presence of cyanide and azide. 
Aerated circulation vessels at 20° C. Time 6 to 10 hours. Average of 12 series. 


rm À 


Ab ei 1 KCl C1 

Sor pon pees Conductometrical Electrometrical titration 
| 

0.00005—0.0005 M KCN ........... 18.8 | 18.8 

0.00003—0.0001 M NaN, ......... 11.6 | 11.9 


more or less screened off. Consequently the conductometrical method cannot 
be used in combination with fluoride (its own dissociation is disturbing at 
the necessary high concentration) and higher concentrations of dinitro- 
phenol and iodine acetic acid. Indol acetic acid, on the other hand, does not 
induce greater complications. An increase in the conductivity can, of course, 
be used as an indicator of abnormal exudation. 

Inhibitors of the cytochrome-cytochromeoxidase system, viz., cyanide and 
azide, do not accelerate the exudation, however. For the study of the time 
course of the inhibition of the salt absorption under the influence of these 
inhibitors the conductometrical method is fairly useful (see table 2). 


2. The induction period of salt absorption 


New conductometrical records fully corroborate the earlier result (5) that 
the absorption starts almost instantaneously after the transference of the 
roots from distilled water to a salt solution, the full speed, however, is only 
gradually attained. This induction period amounted to approximately 30 
to 40 minutes at 20°C. As an average of 17 conductometrical series with 
0.0005 M KCI the value 35.8 minutes was obtained. The absorption intensity 
(umols/10 mg./hr.) is low in the beginning and accelerates along a convex 
curve until an asymptotical limit is reached. In some experiments with high 
specific absorption the induction curve is clearly reproduced in the records 
(figs. 4 and 5). Usually a complication is observed, however, probably as a 
result of ion exchange processes. 

In these cases the curve begins with a rapid slope down to a maximum 
of conductivity, a few per cent above the value of the root-free solution 
(fig. 6, lower curve). As the roots come from distilled water no loosely 
adhering extra ions can be transferred to the new medium, unless ions are 
positively given off from the root surface. Previous investigations on the 
root potentials (1, 2, 3) have shown that the surface of the root behaves as 
an amphoteric colloid with dominating acid dissociation. In contact with 
distilled water the acid points of dissociation are balanced to a great extent 
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Fig. 4. Record of the absorption from 100 cc. 
0.0003 M KCI by the roots of 14 seedlings (root 
length approximately 80 mm.). 
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Fig. 5. Record of the absorption from 0.0003 M KCl. 


by »adsorbed» H-ions. After transference to a solution of potassium chloride 
many of the H-ions are exchanged for K-ions. This is probably the reason 
why the pH rapidly decreases in the solution (see above). H-ions move 
faster than K-ions, and the conductivity rises, as shown by most absorption 
curves in the beginning. Control experiments give conductivity values for 
HCI approximately 5 times higher than for eqimolar KC] solutions (0.0005 M). 
An H-ion concentration of 0.000005 N, corresponding to pH=5.3, will ac- 
cordingly increase the conductivity of a 0.0005 M KCI solution approximately 
5 per cent, a value frequently realized in the start period. It was mentioned 
above that after a few hours the pH of a KCI solution is lowered to approxi- 
mately 4.75. This maintenance of a low pH is, of course, due to the root’s 
tendency to absorb potassium ions more rapidly than chloride ions. It is 
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Fig. 6. Records of the absorp- 
tion from 0.0005 M HCI and 
0.0005 M KCl. 
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now evident thet this fact introduces a factor which results in too low 
absorption values, as calculated from the millivolt record. 

The initial period of ion exchange attains its maximum in approximately 
12.7 minutes from the start. This fact indicates that the exchange is not 
limited to the surface only but includes also deeper layers of the root, thus 
corroborating earlier findings as to the non-metabolic exchange of cations 
in the living substance (2, 3). As shown by chemical analyses chloride anions 
are also absorbed during the first minutes (5), but the corresponding decrease 
in the conductivity of the solution (= fall of the mv-curve) appears only after 
approximately 12.7 minutes (see fig. 6, lower curve). After the anion absorp- 
tion has reached its full speed K and Cl are continuously absorbed in 
approximately equal quantities and the course of the conductometrical curve 
now more closely represents the real salt absorption. 

A true reversal of the initial cation exchange period is observed in experi- 
ments with diluted solutions of HCl (see fig. 6, upper curve). It was fre- 
quently observed in this laboratory that quantities of cations, primarily 
potassium, are given off to solutions of acids and even to distilled water. 
The phenomenon is explained as an ion exchange in a direction opposite 
to the normal absorption of cations, viz., H-ions of the solution are exchanged 
for metallic cations in the root tissue. The following figures show an intensity 
of this reversed exchange comparable to, or even stronger than, the normal 
uptake of cations from salt solutions (table 3). 

The exchange of H-ions for K-ions rapidly lowers the conductivity of the 
medium, resulting in a convex course of the my-curve of the induction 
period, as shown in fig. 6 (upper curve). 

The normal induction period in KCI solutions (figs. 4 and 5), viz., the 
gradual acceleration of the absorption up to a top limit, reflects the gradual 
activation of the anion respiration in the different layers of the root. As 
previously shown, the anion respiration mechanism operates not only with 
inorganic anions of neutral salts but also with anions of organic acids 
participating in the normal aerobic metabolism of the cells. A theory was 
developed (3), in which the transport of anions is linked to the transference 
of electrons in the cytochrome-cytochromeoxidase system. The transference 
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Table 3. The exudation of K-ions in 0.0005 M HCl as compared with the absorption in 
0.0005 M KCI. Spectrochemical determinations. Time of experiments 5 hours. 


Le 


umols K/10 mg./hy. Exudation in HCl Absorption in KCl 
Baa, TOP ead ce nues 0.32 0.84 
"2 OR, ee PO EN 1.00 0.58 
PMD om DE cae reece aes enh oe hes 1.32 0.79 


of electrons by means of the change in valency of iron atoms of the enzymes 
must be balanced by movable anions. If the enzyme system is connected 
to protoplasmic structures or membranes separating regions of different 
oxidation-reduction potentials the electrons will be transferred preferably 
in one direction and the movable anions in the opposite direction. Previous 
experiments have shown that in roots: kept in distilled water the power of 
anion respiration declines owing to the disappearance of salt anions in the 
continuously operating ascending sap stream and in proteinization processes. 
What is left of anion respiration after 3 to 4 days in distilled water is 
chiefly due to »native anions», viz., anions of organic acids, primarily 
malate. This fraction covers approximately 50 per cent of the total capacity 
of the anion respiration system. When the root is now transferred to a salt 
solution the immediate reaction is the »adsorption» of salt ions, viz., the 
ion exchange mentioned above, on the physical surface of the root. This 
is the first non-metabolic phase of salt absorption, and this non-metabolic 
ion exchange undoubtedly proceeds centripetally to deeper layers until an 
exchange equilibrium is attained. The adsorbed anions are caught by the 
anion respiration mechanism, however, as soon as they enter the protoplasm 
or its active regions. Consequently the respiration accelerates from the 
»bottom value» in distilled water (»distilled-water-respiration») to a top 
value corresponding to the concentration of the accessible salt. This process 
proceeds from the surface of the roots inwards and the observed induction 
period is a reflection of the successive activation of the whole tissue. The 
observed length of the induction period, approximately 35 minutes, tallies 
with other observations as to the velocity of transport through the root 
tissue (e.g., certain inhibitors; see 4). 


3. The influence of the concentration 


‘The recording conductometrical method is a convenient tool for the 
investigation of the influence of a slowly decreasing concentration of a salt 
on the velocity of absorption. Most experiments were performed with 
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Fig. 7. The absorption curve in experiments 
with 1/3 to 4/5 of the normal oxygen tension. 
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0.0005 M KCI. At an actual volume of 100 ml. this makes 50 „mols Cl at 
the beginning. The dry weight of the roots amounted to 40 to 70 mg. In 
several series only 10 to 20 per cent, viz., 5--10 wmols were left after 8 to 
10 hours (see figs. 4 and 5). The method thus enables accurate determina- 
tions down to 0.00005 M or less. The conductometrical results were always 
checked by chemical analysis of the solution at the end of the experiments. 

Except for the induction period some experiments show an almost con- 
stantly proceeding absorption for several hours (fig. 4). Even in these cases, 
as a rule, a rapid decrease sets in when only approximately 10 per cent of 
the salt is left (fig. 5). Most experiments, however, show a gradual decrease 
in the absorption velocity (table 4). The individual behaviour of different 
sets of roots obviously stands in relation to the general nutritional condition. 
The season is also influential. It was observed that the absorption is more 
intense and proceeds more constantly in summer time then in the late 
autumn. It is interesting to note the pronounced indifference to variations 
in the oxygen pressure of the solution down to approximately !/, of the 
normal pressure (see fig. 7). On the other hand, it was observed that a 
fivefold increase in the oxygen pressure (pure oxygen) did not accelerate 
the absorption. On the contrary, a slight decrease was observed, and there 


Table 4. Time course of the absorption from 0.0005 M KCI (total quantity 50 umols) by 
roots of approximately 50 mg. dry weight at 20° C and vigorous circulation and aeration. 
Average of 10 series. 


| 
Hours 1 2 3 | 4 | 5. 6 qd 8 
0/0 absorbed, total | 5.8 | 13.3 | 20.8 | 28.0 | 35.0 | 41.5 | 47.7 | 53.3 
» » IDEE ee 8.0 7.5 7.0 6.5 5.6 
actual concentration X 10-2 M 4.5 | 4.34 | 3.96 ‘is ‚3.60. | »3.25 .|. 2.98 er 2.62 | 2.34 


THE TIME COURSE OF THE ION ABSORPTION 399 


Sie 
© 


Og 


Q © 
mn oo NS 


/t mol Cl absorbed /70mg 1h 
2 & = 


Fig. 8. Logarithmic relation between the 
concentration of the medium and the ab- 
sorption of chloride. Each point is the 
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is a possibility that the declining time course in several experiments is related 
to the vigorous aeration employed. In the summer experiments the aeration 
was less intensive. 

An influence of the concentration on the velocity of the salt absorption is 
also illustrated by experiments with different initial concentrations. An 
average of 5 series with 3 concentrations yielded the following figures: 


0.0001 M 0.0003 M 0.0020 M KCl 
umols KC1/10 mg./hr. 0.487 0.799 1.233 


A variation in the concentration is more effective at low than at high 
values. On the average the velocity of the absarption bears a linear rela- 
tionship to the logarithm of the concentration (figs. 8 and 9). The relative 
increase is small already at 0.001 M and earlier results (5, p. 380) illustrate 
the mild effect of a further increase of the concentration up to 0.05 M KCI. 

As a matter of fact, the logarithmic relation between the salt concentration 
and the intensity of the absorption does not reveal anything of the mecha- 
nism of the process. Similar relations were reported also for the absorption 
of cations (8; 6, pp. 403—404, figs. 268—270). The surface potential of the 
root also has a linear relationship to the salt concentration of the medium 
(2, fig. 5, p. 265). This potential is normally negative. According to the 
principle of membrane equilibrium the non-metabolie absorption of anions 
is inversly related to this potential, probably one of the reasons why the 
anions are more intensively absorbed at higher salt concentrations. Still 
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another reason is the gradual acceleration of the anion respiration with an 
increasing supply of adsorbed anions. It is worth mentioning that the 
transport of salt anions is always influenced by the activity of the competing 
native organic anions. With an abundant supply of salts from the medium 
the native anions are partly displaced from the motoric enzyme mechanism. 
In wheat roots, however, the native anions maintain a considerable influence 
even in salt concentrations up to 0.02 M (5). 


Summary 


A recording conductometrical method was elaborated by means of which 
the detailed course of the salt absorption can be observed during an un- 
limited time. It was emphasized that chemical control is essential. The 
applicability of the method is restricted to salts of approximately equi- 
ionical absorption, which do not appreciably increase the exudation of 
dissociated compounds from the roots. 

The salt absorption starts with an induction period, during which the 
process accelerates to a top value. The length of the period is approximately 
35 minutes (at 20°C). During the first 12 to 13 minutes ionic exchange 
processes can disturb the course of the absorption. 

The top value can be maintained for several hours, despite the increasing 
exhaustion of the solution, but in most cases there is a slow decrease, 
approximately linear to the logarithm of the concentration. The same rule 


ee 
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was found in comparing the total absorption during several hours from 
solutions of different concentration. 


The results are discussed from the viewpoint of the theory of anion 


respiration. 
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General Meeting of the Scandinavian Society for Plant Physiology 


The regular General Meeting of the Society will be held in Uppsala, July 
10 and 11, 1950, immediately prior to the International Botanical Congress 
in Stockholm. The program of the meeting will be announced in the first 
number of Vol. 3 of Physiologia Plantarum, which will appear around 
April 1, 1950. 


Corrigenda 


p. 71 line 9 for H.O. — 250 read H.O. — 1000 
p. 207 lines 10 and 11 from the bottom for dissociation read undissociated 


acid 


